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(54) Title: PROTEASES AND PROTEASE INHIBITORS 

(57) Abstract: The invention provides human proteases and protease inhibitors (PPIM) and polynucleotides which identify and 
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PRO l EASES AND PROTEASE INHIBITORS 

TECHNICAL FIELD 

This invention relates lo nucleic acid and amino acid secjuences ol proteases and protease 
5 inhibitors and to the use of these sequences in the diagnosis, treatment, and prevention of cell 
proliferative and autoimmune/intlammatory disorders. 

BACKGROUND OF THE INVENTION 

Proteolytic processing is an essential component of normal cell growth. differenUation, 
10 remodeling, and homeostasis. The cleavage of pepUde bonds within cells is necessary for the maturaUon 
of precursor proteins lo their active forms, the removal of signal sequences from targeted proteins, the 
degradation of incorrectly folded proteins, and Oie controlled turnover of peptides within the cell. 
Proteases participate in apoptosis, inflammation, and tissue remodeling during embryonic development, 
wound healing, and normal growth. They are necessary components of bacterial, parasitic, and viral 
15 invasion and replication within a host. Four principal categories of mammalian proteases have been 
idenUfied based on active site structure, mechanism of action, and overall three-dimensional structure. 
(See Beynon, R.J. and J.S. Bond (1994) ProteolvUc En7 .vmes: A Practical Approach, Oxford University 
Press, New York NY, pp. 1-5.) 

The serine proteases (SPs) are a large family of proleolyUc enzymes that include the digest ve 
20 enzymes, trypsin and chymotrypsin; components of the complement cascade and of the blcxxl-clotting 
cascade; and enzymes that control the degradation and turnover of maaomolecules of the extracellular 
matrix. SPs are so named because of the presence of a serine residue found in the active catalytic site for 
protein cleavage. The active site of all SPs is composed of a triad of residues including the 
aforementioned serine, an aspartate, and a hislidine residue. SPs have a wide range of substrate 
25 specificities and can be subdivided into subfamilies on the basis of these specificities. The main sub- 
families are trypases which cleave after arginine or lysine; aspases which cleave alter aspartate; 
chymases which cleave after phenylalanine or leucine; metases which cleavage after methionine; and 
serases which cleave after serine. Clp protease is a unique member of the serine protease family as its 
acUvity is controlled by a regulatory subunil that binds and hydrolyzes ATP. Clp protease was 
30 originally found in plant chloroplasts but is believed lo be widespread in both prokaryotic and eukaryotic 
cells (Maurizi, M.R. ct al. (1990) J. Biol. Chem. 2665:12546-12552). SKD3. a mammahan homolog of 
the bacterial Clp regulatory subunit, has recently been identified in mouse (Pericr, F. et al. (1995) Gene 
152:157-163). 

Cysteine proteases arc involved in diverse cellular processes ranging from the prcx:essing of 
35 precursor proteins to intracellular degradaUon. Mammalian cysteine proteases include lysosomal 

I 
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calhepsias and cylosolic calcium activated proiease.s, calpains. 01 particular note, cysteine proteases arc 
pr(Xluced by monocytes, macrophages and other cells of the inuiiunc system which migrate to sites of 
inflanimation and in their protective role secrete various molecules to repair damaged tissue. These cells 
may overproduce the same molecules and cause tissue destruction in certain disorders. In autoimmune 

5 diseases such as rheumatoid arthriUs, the secreUon of the cysteine protease, cathepsin degrades 
collagen, laminin, elastin and other structural proteins found in the extracellular matrix of bones. The 
cathepsin lamily ol lysosomal proteases includes the cysteine proteases: cathepsins B, H, K, L, 02, and 
S; and the aspartyl proteases; cathepsins D and G. Various members of this ende)Somal protease family 
are differentially expressed. Some, such as cathepsin D, have a ubiquitous tissue distribuUon while 

10 others, such as cathepsin L, are found only in monocytes, macrophages, and other cells of the immune 
system. 

Aspanic proteases include bacterial penicillopepsin, mammalian pepsin, renin, chymosin, and 
certain fungal proteases. The characteristic active site residues of aspartic proteases are a pair of 
aspartic acid residues, for example, Asp33 and Asp21 3 in penicillopepsin. Aspartic proteases are also 

15 called acid proteases because the optimum pH for their activity is between 2 and 3. In this pH range, one 
of the aspartate residues is ionized and the other is neutral. A potent inhibitor of aspartic proteases is the 
hexapeptide pepstatin which, in the transition state, resembles normal substrates. 

Carboxypeptidases A and B are the principal mammalian representatives of the metallo-protease 
family. Both are exopeptidases of similar structure and active site conliguralion. Carboxypcptidase A, 

20 like chymotrypsin, prefers C-terminal aromatic and aliphatic side chiuns of hydrophobic nature, whereas 
carboxypcptidase B is directed toward basic arginine and lysine residues. Active site components 
include zinc, which coordinates two glutamic acid and one histidine residues in the protein. 

Ubiquitin proteases are associated with the ubiquitin conjugation system (DCS), a major 
pathway for the degradation of cellular proteins in eukaryotic cells and some bacteria. The UCS 

25 mediates the elimination of abnormal proteins and regulates the half-lives of important regulatory 

proteins that control cellular processes such as gene transcription and cell cycle progression. In the UCS 
pathway, proteins targeted for degradation are conjugated to a ubiquitin, a small heat stable protein. The 
ubiquinaled protein is then recognized and degraded by proteasome, a large, multisubunit proteolytic 
en7.yme complex, and ubiquitin is released for reutilization by ubiquitin protease. The UCS is implicated 

30 in the degradation of nutotic cyclic kinases, oncoproteins, tumor suppressor genes such as p53, viral 
proteias, cell surface receptors associated with signal transduction, transcriptional regulators, and 
mutated or damaged proteins (Ciechanover, A. (1994) Cell 79: 1 3-21). A murine proto-oncogene, Unp, 
encodes a nuclear ubiquitin protease whose overcxpression leads to oncogenic transformation of NIH3T3 
cells, and the human homolog of this gene is consistently elevated in small cell tumors and 

35 adenocarcinomas of the lung (Gray, D. A. (1995) Oncogene 10:21 79-2183). 

2 
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Protease inhibitors and other regulators of protease activity control the activity and effects of 
proteases. Protease inhibitors have been shown to control pathogenesis in animal models of proteolytic 
disorders (Murphy, G. (1991) Agents Actions Suppl. 35:69-76). Low levels of the cystalins, low 
molecular weight inhibitors of the cysteine proteases, correlate with malignant progression of tumors 

5 (Calkins, C. et al (1995) Biol. Biixhem. Hoppe Seyler 376:71 -SO). 

The plasma inter-a-lrypsin inhibitor family molecules are serine protease inhibitors (serpins) 
composed of a 240 kDa plasma protein complex of at least five dil ferent typas of glycoproteins. These 
glycoproteias consist of four heavy (H) chains and one 30 kDa light (L) chain named HI, H2, H3, H4, 
and L, and are independently synthesized and prota)lytically processed from precursor proteins (Daveau, 

10 M. et al. (1998) Arch. Biochem. Biophys. 350:315-323; and Salicr, J. P. et al. (1992) Mamm. Genome 
2:233-239). The plasma inter-a-trypsin inhibitor light chains have sequence similarity to the Kunilz 
trypsin inhibitors which appear to be present in all vertebrates (Salier, J. P. (1990) Trends Biochem, Sci. 
15:435-439). Some examples of the Kunitz trypsin inhibitors are tissue factor pathway inhibitor, which 
regulates tissue factor-induced coagulation, and protease nexin-2, which regulates serum coagulation 

15 factor XIa. (Broze, G.J. (1995) Annu. Rev. Med. 46:103-112; and Wagner, S.L. et al. (1993) Brain Res. 
626:90-98). The heavy chain precursors encode a signal peptide sequence and the mature chain. Other 
plasma inter-a-trypsin inhibitor heavy chains have been described in human and rodents (Bourguignon, J. 
et al. (1993) Eur. J. Bicxhcm.21 2:77 1-776; Salier, 1992, supra ; and Salier, J.P. (1996) Biochem. J. 
315:1-9). The expression of the rat plasma inter-a-trypsin inhibitor genes is regulated by inllammation 

20 in vivo . The genes are predominantly expressed in the rat Uver. but H2 and H3 mRNA is also present in 
brain, intestine, and stomach (Daveau, supra .). 

Kallistatins are members of the serine protease inliibitor family. Kallistatin forms a specific and 
covalently-linked complex with tissue kallikrein, which is a serine proteinase capable of cleaving 
kininogen to release vasoactive kinin. Components of the tissue kallikrein-kinin system include tissue 

25 kallikrein, kallistatin, kininogen, kinin, bradykininBl and B2 receptors, and kininases (Chao, J. and L. 
Chao (1995) Biol. Chcm. Hoppe Seyler 376:705-713). 

Proteases and protease inhibitory molecules may contain amino acid sequence motifs which 
determine protein-protein interactions, such as the potential metal-binding site oJ von Willebrand factor 
type A3 (vWFA3) motif, glycine-amino acid-serine-amino acid-serine. Tliis motif is also required for 

30 ligand interaction in the homologous 1-type domains of integrins CR3 and LFA-1 (Huizinga, E.G. (1997) 
Structure 5:1 147-1 156). 

Protease inhibitors play a major role in the regulation of the activity and etfcct of proteases. 
They have been shown to control pathogenesis in animal nKxlels of proteolytic disorders and in the 
treatment of HIV (Murphy, G. (1991) Agents Actioas Suppl. 35:69-76; and Pakyz, A. and D. Israel 

35 (1997) J. Am. Pharm. Assoc. (Wash.) NS37:543-551). 



WO01/109(.3 PCT/IIS.K»/21878 

The discovery of new proteases and protease inhibitors and the polynucleotides enccxling the.ii 
saUsiies a need in the art by providing new composiuons which are useful in the diagnosis, prevenUon. 
and treatment of cell proliferaUvc and autoinmiunc/inllamniatory disorders. 

5 SUMMARY OF THE INVEN HON 

The invention features purified polypeptides, proteases and protease inliibitors, referred to 
coUccUvely as "PPIM" atid individually as "PPlM-1," "PPIM-2," "PPIM-3," "PPlM-4," -PPIM-S," 
"PPlM-6," "PPlM-7," "PPlM-8," "PPIM-9," "PPlM-10, ' "PPlM-11," "PPIM-12," "PPlM-13, ' 
"PPlM-14." "PPlM-15." "PPIM-16." "PPIM-l?." "PPIM-IS," "PPIM-19,'' "PPIM-20," - PPIM ^l," 

10 "PPlM-22," "PPlM-23," "PPIM-24," "PPIM-25." "PPIM-26," and "PPIM-27." In one aspect, the 
invention provides an isolated polypeptide comprising an amino acid sequence selected from the group 
consisUng of a) an amino acid sequence selected from the group consisting of SEQ ID NO: 1 -27, b) a 
naturally occurring amino acid sequence having at least 90% sequence idenUty to an anuno acid 
sequence selected from the group consisting of SEQ ID NO:l-27, c) a biologically active fragment of an 

15 amino acid sequence selected from the group consisting of SEQ ID NO: 1 -27, and d) an immunogenic 
fragment of an amino acid sequence selected from the group consisung of SEQ ID NO:l-27. In one 
alternative, the invention provides an isolated polypeptide comprising the amino acid sequence of SEQ 
ID NO: 1-27. 

The invention further provides an isolated polynucleotide encoding a polypeptide comprising an 

20 amino acid sequence selected from the group consisting of a) an amino acid sequence selected from the 
group consisting of SEQ ID NO:l-27, b) a naturally tx:curring amino acid sequence having at least 90% 
sequence identity to an amino acid sequence selected from the group consisUng of SEQ ID NO: 1-27, c) a 
biologically active fragment of an amino acid .sequence selected from the group consisting of SEQ ID 
NO: 1-27, and d) an immunogenic frapient of an amino acid sequence selected from the group consisUng 

25 of SEQ ID N0:1 -27. In one alternaUve, the polynucleoUde encodes a polypepude selected from Uie 
group consisUng of SEQ ID NO:l -27. In another alternaUve, Uie polynucleoUde is selected from the 
group consisUng of SEQ ID NO:28-54. 

Additionally, Uie invention provides a recombinant polynucla^Ude comprising a promoter 
sequence operably linked to a polynucleoUde encoding a polypeptide comprising an amino acid sequence 

^0 selected from the group consisUng of a) an amino acid sequence selected from the group consisUng of 
SEQ ID NO: 1-27, b) a naturally occurring amino acid sequence having at least 90% saiucnce iilenUty to 
an amino acid sequence selected from the group consisUng of SEQ ID NO:l-27, c) a biologically active 
fragment of an amino acid sequence selected from the group consisUng of SEQ ID N0:1 -27, and d) an 
immunogenic fragment of an amino acid sequence selected from the group consisUng of SEQ ID NO:l- 

35 27. In one alternaUve, the invention provides a cell fraasformedwiUi the recombinant polynuclaAide. In 



wo 01/10903 



PrT/llSOO/21878 



another alternative, the invention provides a transgenic organism comprising the recombinant 
polynucleotide. 

The invention also provides a mcthcxl for prtxJucing a polypeptide comprising an amino acid 
sequence selected from the group consisting of a) an amino acid sequence selected from the group 

5 consisting of SEQ ID NO: 1 -27, b) a naturally (Kcurring amino acid sequence having at least 90% 

sequence identity to an amino acid sequence selected from the group consisting of SEQ ID N0;1 -27, c) a 
biologically active fragment of an amino acid sequence selected from the group consisting of SEQ ID 
NO: I -27, and d) an immunogenic fragment of an amino acid sequence selected from the group consisting 
of SEQ ID NO:l-27. The method comprises a) culturing a cell under conditions suitable for expression 

10 of the polypeptide, wherein said cell is transformetl with a recombinant polynucleotide comprising a 
promoter sequence operably linked to a polynucleotide encoding the polypeptide, and b) recovering the 
polypeptide so expre^ssed. 

Additionally, tlie invention provides an isolated antibody which specifically binds to a 
polypeptide comprising an amino acid sequence selected from the group consisting of a) an amino acid 

15 sequence selected from the group consisting of SEQ ID NO:l-27, b) a naturally occurring amino acid 
sequence having at least 90% sequence identity to an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1-27, c) a biologically active fragment of an amino acid sequence selected 
from the group consisting of SEQ ID NO: 1-27, and d) an immunogenic fragment of an amino acid 
sequence selected from the group consisting of SEQ ID NO: 1-27. 

20 The invention ftjrther provides an isolated polynucleotide comprising a polynucleotide sequence 

selected trom the group consisting of a) a polynucleotide sequence selected from the group consisting of 
SEQ ID NO:28-54, b) a naturally (xrcurring polynucleotide sequence having at least 70% sequence 
identity to a polynucleotide sequence selected from the group coasisting of SEQ ID NO:28-54, c) a 
polynucleotide sequence complementary to a), d) a polynucleotide sa]uence complementary to b), and e) 

25 an RNA equivalent of a)-d). In one alternative, the polynucleotide comprises at least 60 contiguous 
nucleotides. 

Additionally, the invention provides a method for detecting a target polynucleotide in a sample, 
said target polynucleotide having a sequence of a polynucleotide comprising a polynucleotide sequence 
selected from the group consisting of a) a polynucleotide sequence selected from the group consisting of 

30 SEQ ID NO:28-54, b) a naturally occurring polynucleotide sequence having at least 70% sequence 
identity to a polynucleotide sequence selected from the group consisting of SEQ ID NO:28-54, c) a 
polynucla)tide sequence complementary to a), d) a polynucleotide sequence complementary to b), and e) 
an RNA equivalent of a)-d). The method comprises a) hybridizing the sample with a probe comprising 
at least 20 contiguous nucleotides comprising a sequence complementary to said target polynucleotide in 

35 the sample, and which probe specifically hybridizes to said target polynucleotide, under conditions 

5 
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whereby a hybridizalic^n complex is formed between said probe and said target polynucleotide or 
fragments thereof, andb) detecting the presence or absence of said hybridization complex, and 
optionally, if present, the amount thereof. In one alternative, the probe comprises at least 60 contiguous 
nucla)tides. 

5 The invention hirther provides a method for detecting a target polynucleotide in a sample, said 

target polynuclcodde having a sequence of a polynucleotide comprising a polynucleotide sequence 
selected from the group consisUng of a) a polynucleotide sequence selectal from the group consisting of 
SEQ ID NO:28-54. h) a naturally CKCurring polynucleotide sequence having at least 70% sequence 
identity to a polynucleotide sequence selected from the group consisting of SEQ ID NO:2H-54, c) a 

10 polynucleotide sequence complementary to a), d) a polynucleotide sequence complementary to b), and e) 
an RNA equivalent of a)-d). The method comprises a) amplifying said target polynucleotide or fragment 
thereof using polymerase chain reacUon amplification, and b) detecUng the presence or absence of said 
amplified target polynucla)lide or fragment thereof, and, optionally, if present, the amount thereof. 

The invention further provides a composition comprising an eftcctive amount of a polypeptide 

15 comprising an amino acid sequence selected from the group consisting of a) an amino acid sequence 
selected from the group consisUng of SEQ ID NO: 1-27, b) a naturally occurring amino acid sequence 
having at least 90% sequence identity to an amino acid sequence selected from the group consisting of 
SEQ ID NO: 1-27, c) a biologically active fragment of an amino acid sequence selected from the group 
consisting of SEQ ID NO:l-27, and d) an immunogenic fragment of an amino acid sequence selected 

20 from the group coasisting of SEQ ID NO: 1 -27, and a pharmaceuUcally acceptable excipient In one 
embcxliment. the composition comprises an amino acid sequence selected from the group consisting of 
SEQ ID NO: 1-27. The invention additionally provides a method of treating a disease or condition 
associated with decreased expression of hincUonal PPIM, comprising administering to a patient in need 
of such treatment the composition. 

25 The invention also provides a method for scTeening a compound for effectiveness as an agonist 

of a polypeptide comprising an amino acid sequence selected from the group consisting of a) an amino 
acid sequence selected from the group consisting of SEQ ID NO: 1-27, b) a naturally occurring amino 
acid sequence having at least 90% sequence identity to an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1-27, c) a biologically active fragment of an amino acid sequence selected 

3D from the group consisting of SEQ ID NO: 1 -27, and d) an immunogenic fragment of an amino acid 

setiucncc selected from the group consisUng of SEQ ID NO 1-27. The method comprises a) exposing a 
sample comprising the polypepUde to a compound, and b) detecUng agonist activity in the sample. In 
one alt^naUve, the invenUon provides a coniposiUon comprising an agonist compound idcnUfied by the 
method and a pharmaceuUcally acceptable excipient. In another alternaUve, the invention provides a 

35 method of treating a disease or condiUon associated with decreased expression of funcUonal PPIM, 

6 
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comprising administering to a patient in need of such treatment the composition. 

Additionally, the invention provides a method for screening a compound for effectiveness as an 
antagonist of a polypeptide comprising an amino acid sequence sele4:ted from the group consisting of a) 
an amino acid sequence selected from tl)C group consisting of SEQ ID NO: 1-27, b) a naturally occurring 
5 amino acid se(|uence having at least 90% sequence identity to an amino acid sequence selected from the 
group consisting of SEQ ID NO: 1-27, c) a biologically active fragment of an amino acid sequence 
selected from the group consisting of SEQ ID NO: 1-27, and d) an immunogenic fragment of an amino 
acid sequence selected from the group consisting of SEQ ID NO: 1 -27. The method comprises a) 
exposing a sample comprising the polypeptide to a compound, and b) detecting antagonist activity in 
10 the sample. In one alternative, the invention provides a composition comprising an antagonist 
compound identified by the method and a pharmaceutically acceptable excipient. In another 
alternative, the invention provides a method of treating a disease or condition associated with 
overexpression of functional PPIM, comprising administering to a patient in need of such treatment the 
composition. 

15 The invention further provides a method of screening for a compound Uiat specifically binds to 

a polypeptide comprising an amino acid sequence selected from the group consisting of a) an amino acid 
sequence selected from the group consisting of SEQ ID NO: 1-27, b) a naturally occurring amino acid 
sequence having at least 90% sequence identity to an anuno acid sequence selected from the group 
consisting of SEQ ID N0:1 -27, c) a biologically active Iragmcnl of an amino acid saiuence selected 

20 from the group consisting of SEQ ID NO: I -27, and d) an immunogenic fragment of an amino acid 
sequence selected from the group consisting of SEQ ID NO; 1-27. The method comprises a) combining 
the polypeptide with at least one test compound under suitable conditions, and b) detecting binding of 
the polypeptide to the test compK)und, thereby identifying a compound that specifically binds to the 
polypeptide. 

25 The invention furtlier provides a method of screening for a compound that modulates the 

activity of a polypeptide comprising an amino acid sequence selected from the group consisting of a) 
an amino acid sequence selected from the group consisting of SEQ ID NO; 1-27, b) a naturally 
occurring amino acid sequence having at least 90% sequence identity to an amino acid sequence 
selected from the group consisting of SEQ ID NO: 1-27, c) a biologically active fragment of an amino 

30 acid sequence selected from the group consisting of SEQ ID NO: 1-27, and d) an immunogenic 
fragment of an amino acid sequence selected from the group consisting uf SEQ ID NO. 1-27. The 
method comprises a) combining the polypeptide with at least one test compound under conditions 
permissive for the activity of the polypeptide, b) assessing the activity of the polypeptide in the 
presence of the test compound, and c) comparing the activity of the polypeptide in the presence of the 

35 test compound with the activity of the polypeptide in the absence of tlie test compound, wherein a 
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change in the acUvily of ihc polypeptide in tlie presence of the test compound is indicative ot a 
compound that modulates the activity of the polypeptide. 

The invention further provides a method for screening a compound for effectiveness in altering 
expression of a target polynucleotide, wherein said target polynucleotide comprises a sequence selected 
5 from the group consisting of SEQ ID NO:28-54, the method comprising a) exposing a sample 

comprising the target polynucleotide to a compound, and b) detecting altered expression of the target 
polynucleotide. 

The invention further provides a method for assessing toxicity of a test compound, said 
method comprising a) treating a biological sample containing nucleic acids with the test compound; b) 

10 hybridizing the nucleic acids of the treated biological sample with a probe comprising at least 20 
contiguous nucleotides of a polynuclcofide comprising a polynucleotide sequence selected from the 
group consisting of i) a polynucleotide sequence selected from the group consisting of SEQ ID NO:28- 
54, ii) a naturally cxcurring polynucleotide sequence having at least 70% sequence identity to a 
polynucleotide sequence selected from the group consisting of SEQ ID NO;28-54, iii) a polynucleotide 

15 sequence complementary to i), iv) a polynucleotide sequence complementary to li), and v) an RNA 
equivalent of i)-iv). Hybridization occurs under conditions whereby a specific hybridization complex 
is formed between said probe and a target polynucleotide in the biological sample, said target 
polynucleotide comprising a polynucleotide sequence selected from the group consisting of i) a 
polynucleotide sequence selected from the group consisting of SEQ ID NO:28-54, ii) a naturally 

20 occurring polynucleotide sequence having at least 70% sequence identity to a polynucleotide sequence 
selected from the group consisting of SEQ ID NO:28-54, iii) a polynucleotide sequence 
complementary to i ), iv) a polynucleotide sequence complementary to ii), and v) an RNA equivalent of 
i)-iv). Alternatively, the target polynucleotide comprises a fragment of a polynucleotide sequence 
selected from the group consisting of i)-v) above; c) quantifying the amount of hybridization complex; 

25 and d) comparing the amount of hybridization complex in the U-eated biological sample with the 

amount of hybridization complex in an untreated biological sample, wherein a difference in the amount 
of hybridization complex in the treated biological sample is indicative of toxicity of the test compound. 



30 BRIEF DESCRIPTION OF THE TABLES 

Table 1 shows polypeptide and nucleotide sequence identilicati(on numbers (SEQ ID NOsV clone 
identification numbers (clone IDs), cDNA libraries, and cDNA fragments used to assemble full-length 
sequences encoding PPIM. 

Table 2 shows features of each polypeptide sequence, including potential motifs, homologous 
35 sequences, and methods, algorithms, and searchable databases used for analysis of PPIM. 
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Table 3 shows selected fTaginenis of each nucleic acid sequence; the tissue-specific expression 
pattcras of each nucleic acid sequence as dcterinined by northern analysis; diseases, <l.sorders. or 
conditions associated with these tissues; and the vector into which each cDN A was cloned. 

Table 4 describes the tissues used to construct the cDNA libraries iwm which cDN A clones 

5 encoding PPIM were isolated. 

Table 5 shows the tools, programs, and algoriUinis used to analyze the poly nucto.lides and 
polypeptides of the invention, along with applicable descriptions, references, and threshold parameters. 

DESCRIPTION OF THE INVEN HON 

10 Before the present proteins, nucleotide sequences, and methods are described, it is understocxl 

that this invention ,s not limited to the parUcular machines, materials and methods described, as these 
may vary. It is also to be understood that the terminology used herein is lor the ptirpose of describing 
particular embodiments only, and is not intended to htmt the scope of the present invention which will be 

limited only by the appended claims. 
,5 It must be noted that as used herein and in the appended claims, the singular forms "a," "an," 

and "the" include plural reference unless the context clearly dictates otherwise. Thus, for example, a 

reference to "a host cell" includes a plurality of such host cells, and a reference to "an antibody" is a 

reference to one or mc^e antibodies and equivalents thereof known to those skilled in the art. and so forth. 
Unless defined otherwise, all technical and scientific terms used herein have the same meanings 
20 as commonly understood by one of ordinary skill in the art to which this invention belongs. Although 

any machines, materials, and methods similar equivalent to those described herein can be used to 

practice or test the present invention, the preferred machines, materials and methcxls are now described. 

All publication mentioned herein are cited for the purpose of describing and disclosing the cell lines. 

protocols, reagents and vectors which are reported in the publications and which might be used in 
25 connection with the invention. Nothing herein ,s to be construed as an admission that the invention is not 

cntiUed to antedate such disclosure by virtue of prior invention. 

DEFINITIONS 

"PPIM" refers to the amino acid sequences of substantially purified PPIM obtained from any 
species, particularly a mammalian species, including bovine, ovine, porcine, murine, equine, and human. 
30 and from any source, whether natural, synthetic, semi synthetic, or recombinant. 

The term "agonist" refers to a molecule which intensifies or mimics the biological activity of 
PPIM. Agonists may include proteins, nucleic acids, carbohydrates, small molecules, or any oUier 
compound or composition which modulates the activity of PPIM either by directiy interacting with PPIM 
by acting on components of the biological pathway in which PPIM participates. 
35 An "allelic variant" is an altanative form of the gene encoding PPIM. Allelic variants may 
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result from at least one mutaUon in the nucleic acid sequence and may result in altered mRNAs or in 
polypeptides whose structure or function may or may not be altered. A gene may have none, one, or 
many allelic variants of its naturally occurring form. Common mutational changes which give rise to 
allelic variants are generally ascribed to natural deletions, addiUons. or subsututions ol nucleoUdcs. 
5 Each of these types of changes may occur alone, or in combination with the others, one or more times in 
a given sequence. 

"Altered" nucleic acid sequences encoding PPIM include those sequences with deleuons, 
insertions, or substitutions of different nucleotides, resulting in a polypeptide the same as PPIM or a 
polypepUde wnth at least one functional characteristic of PPIM. Included within this definition are 
10 pt)lymorphisms which may or may not be readily detectable using a particular oligonucleotide probe of 
the polynucleoUde encoding PPIM. and improper or unexpected hybridization lo allelic variants, with a 
locus other than the normal chromosomal locus for the polynucleoUde sequence encoding PPIM. The 
encoded protein may also be "altered." and may contain dcleUons, insertions, or substituUoas of amino 
acid residues which produce a silent change and result in a functionally equivalent PPIM, Deliberate 
15 amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility, 

hydrophobicity, hydrophilicity. and/or the amphipathic nature of the residues, as long as the biological or 
immunological activity of PPIM is retained. For example, negatively charged amino acids may include 
aspartic acid and glutamic acid, and positively charged amino acids may include lysine and arginine. 
Amino acids with uncharged polar side chains having similar hydrophilicity values may include; 
20 asparagine and glutamine; and serine and threonine. Amino acids with uncharged side chains having 
similar hydrophilicity values may include: leucine, isoleucine, and valine; glycine and alanine; and 
phenylalanine and tyrosine. 

The terms "amino acid" and "amino acid sequence" refer to an oligopeptide, pepUde, 
polypeptide, or protein sequence, or a fragment of any of these, and to naturally tKCurring or synthetic 
25 molec-ules. Where "amino acid sequence" is recited to refer to a sequence of a naturally occurring 

protein molecule, "amino acid sequence" and like terms are not meant to limit the amino acid sequence to 
the aimplete native amino acid sequence associated with the recited protein molecule. 

"AmplificaUon" relates to the producUon of additional copies of a nucleic acid sequence. 
AmplilicaUon is generally carried out using polymerase chain reaction (PCR) technologies well known in 
W the art. 

The term "antagonist" refers to a molecule which inhibits or attenuates the biological acuviiy of 
PPIM. Antagonists may include proteins such as anybodies, nucleic acids, carbohydrates, small 
molecules, or any other compound or composition which modulates the activity of PPIM either by 
directly interacting with PPIM or by acting on components of the biological pathway in which PPIM 
^5 participates. 

10 
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'ITie terni ''antibtxjy" refers to intacl immunoglobulin molecules as well as to fragments thereol, 
such as Fab, F(ab' Ij, and Fv fragments, wliich are capable of binding an epitopic determinant. 
Antibodies that bind PPIM polypepUdes can be prepared using intact polypeptides or using tragments 
containing small peptides of interest as the inununizing antigen. The polypeptide or oligopepUde used to 
5 immunize an animal (e.g., a mouse, a rat, or a rabbit) can be derived from the translation of RNA, or 
synthesized chemically, and can be conjugated to a carrier protein ii desired. Conunonly used carriers 
that are chemically coupletl to peptides include bovine serum albumin, Oiyroglobulin, and keyhole limpet 
hcnKx:yanin (KLH ). Tfie coupled peptide is then used to immunize tlie animal. 

The term "antigenic determinant" refers to that region of a molecule (i.e., an epitope) that makes 

10 contact with a particular antibody. When a protein or a fragment of a protein is used to immunize a host 
animal, numerous regions of the protein may induce the prcxluction of antibodies which bind specifically 
to antigenic determinants (particular regions or three-dimensional structures on the protein). An 
antigenic determinant may compete with the intact antigen (i.e.. the inununogcn used to elicit the immune 
response) for binding to an antibody. 

15 The term "antisense" refers to any composition capable of base-pairing with the **sease" (coding) 

sU-and of a specific nucleic acid sequence. Antisense compositions may include DNA; RNA; peptide 
nucleic acid (PNA); oligonucleotides having modified backbone linkages such as phosphorothioates, 
methylphosphonales, or ben7.ylphosphonales; oligonucleotides having mcxJilied sugar groups such as 2'- 
methoxyeihyl sugars or 2'-metht)xyethoxy sugars; or oligonucleotides having modified bases such as 5- 

20 methyl cytosine, 2*-da)xyuracil or 7-deaza-2*-deoxyguanosine. Antisease molecules may be produced 
by any method including chemical synthesis or traascription. Once introduced into a cell, the 
complementary antisease molecule base-pairs with a naturally occurring nucleic acid sequence produced 
by the cell lo form duplexes which block either transcription or u-anslation. The designation "negative" 
or "minus" can refer to the antisease strand, and the designation "positive" or "plus" can refer to the 

25 sease strand of a reference DNA molecule. 

The term "biologically active" refers to a protein having structural, regulatory, or biochemical 
functions of a naturally (x;curring molecule. Likewise, "inrununologically active" or "immunogenic" 
refers to the capability of the natural, recombinant, or synthetic PPIM, or of any oligopeptide thereof, to 
induce a specific immune respoase in appropriate animals or cells and to bind with specific antibodies. 

30 "Complementary" describes the relaUoaship between two single-stranded nucleic acid sequences 

that anneal by base-pairing. For example, 5'-AGT-3' pairs with its complement, 
3'-TCA-5\ 

A "composition comprising a given polynucleotide sapence" and a "composition comprising a 
given amino acid sequence" refer broadly to any composition containing the given polynucleotide or 
35 amino acid sequence. The composition may comprise a dry formulation or an aqueous solution. 
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Compositioas comprising polynuclaHide sequences encoding PPIM or Iragnienls of PPIM may be 
employed as hybridization probes. The probes may be stored in freeze-dried form and may be asscxiatcd 
with a stabilizing agent such as a carbohydrate. In hybridizations, the probe may be deploye<l in an 
aqueous solution containing salts (e.g., NaCl), detergents (e.g., scxiium dcxlecyl sulfate; SDS), and other 

5 components (e.g., Denhardt's solution, dry milk, salmon sperm DNA, etc.). 

"Consensus sequence" refers to a nucleic acid sequence which has been subjected to repeated 
DNA sequence analysis to re.solve uncalled bases, extended using die XL-PCR kit (PE Biosystems, 
Foster City CA) in the 5' and/or the 3' directj(^n, and rcsequenced, (^r which has been assembled from one 
or more overlapping cDNA, EST. or genomic DNA fragments using a computer program for fragment 

10 assembly, such as the GELVIEW fragment assembly system (GCG, Madison Wl) or Phrap (University 
of Washington, Seattle WA). Some sequences have been both extended and assembled to pr(xluce tiie 
consensus sequence. 

''Conservative amino acid substitutions" are those substitutions that are predictexj to least 
interfere with the properties of the original protein, i.e., the structure and especially the luncLion of the 
15 protein is conserved and not significantly changed by such subsiituUons. The table below shows amino 
acids which may be substituted for an original amino acid in a protein and which are regarded as 
conservative amino acid substitutions. 





Original Residue 


Conservative Substitution 




Ala 


Gly, Ser 


20 


Arg 


His, Lys 




Asn 


Asp, Gin. His 




Asp 


Asn, Glu 




Cys 


Ala. Ser 




Gin 


Asn, Glu, His 


25 


Glu 


Asp, Gin, His 




Gly 


Ala 




His 


Asn, Arg, Gin, Glu 




He 


Leu, VaT 




Leu 


lie, Val 


30 


Lys 


Arg, Gin, Glu 




Met 


Leu, He 




Phe 


His, Met, Leu, Trp, Tyr 




Ser 


Cys, Thr 




Thr 


Ser, Val 


35 


Trp 


Phe, Tyr 




Tyr 


His, Phe, Trp 




Val 


lie, Leu, Tlir 



Conservative amino acid substitutions generally maintain (a) the structure of the polypeptide 
40 backbone in the area of the subsUtution, for example, as a beta sheet or alpha helical conformation, 
(b) the charge or hydrophobicity of the molecule at the site of the substitution, and/or (c) the bulk of the 
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side chain, 

A "deletion" rclers to a change in the amino acid or nucleotide sequence Uiat rCvSults in the 
absence of one or more amino acid residues or nucleotides. 

The term "derivaUve" refers to a chemically modified polynucleotide or pol>T>eptide. Chemical 

3 mocyficalioiLs of a polynucletMide seciuente can include, ior example, replacement of hydrogen by an 
alkyl, acyl, hydroxyl, or amino group. A derivative polynucleotide encodes a polypeptide which retains 
at least one biological or iminunological tunction of the natural molecule. A derivaUve polypeptide is 
one modined by glycosylalion, pegylatjon, or any similar process that retains at least one biological or 
immunological function of the polypeptide from which it was derived. 

10 A "delectable label" refers to a reporter molecule or enzyme that is capable of generating a 

measurable signal and is covalcntly or noncovalently jomed to a polynuclaitide or polypeptide. 

A "fragment" is a unique portion of PPIM or the polynucleotide encoding PPIM which is 
identical in sequence to but shorter in length than the parent sequence. A fragment may comprise up to 
the entire length of the defined sequence, minus one nucleoUde/aniino acid residue. For example, a 

15 fragment may comprise from 5 to 1000 contiguous nucleotides or amino acid residues. A fragment 
used as a probe, primer, anUgen, therapeutic molecule, or for other purposes, may be at least 5, 10, 15, 
16, 20, 25, 30, 40, 50, 60, 75, 100, 150, 250 or at least 5(K) contiguous nucleotides or amino acid 
residues in length. Fragments may be preferentially selected from certain regions of a molecule. For 
example, a polypeptide fragment may comprise a certain length of contiguous amino acids selected 

20 from the first 250 or 500 amino acids (or first 25% or 50% of a polypeptide) as shown in a certain 
defined sequence. Clearly these lengths are exemplary, and any length that is supported by the 
specificaUon, including the Sequence LisUng, tables, and figures, may be encompassed by the present 
embodiments. 

A fragment of SEQ ID NO:28-54 comprises a region of unique polynucleotide sequence that 
25 specifically identifies SEQ ID NO:28-54, for example, as distinct from any other sequence in the 
genome from wliich the fragment was obtained. A fragment of SEQ ID NO:28-54 is useful, for 
example, in hybridization and amplificaUon technologies and in analogous methods that disunguish 
SEQ ID NO:28-54 from related polynucleotide sequences. The precise length of a fragment of SEQ ID 
NO:28-54 and the region of SEQ ID NO:28-54 to which the fragment corresponds are rouUnely 
30 determinable by one of ordinary skill in W\c art based on the intended purpose for the fragment. 

A 1 ragmcni of SEQ ID NO. 1 -27 is encoded by a fragment of SEQ ID NO:28-54. A fragment 
of SEQ ID NO: 1-27 comprises a region of unique amino acid sequence that specifically identifies SEQ 
ID NO: 1-27. For example, a fragment of SEQ ID NO: 1 -27 is useful as an immunogenic peptide for 
the development of anUbodies that specifically recognize SEQ ID NO: 1 -27. The precise length of a 
35 fragment of SEQ ID NO: 1 -27 and the region of SEQ ID NO: 1 -27 to which the fragment corresponds 
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are routinely delerminable by one of ordinary skill in the an based on Uic intended purpose for the 
fragment. 

A ''full-length" polynucleotide sequence is one containing at least a translatuMi iniuation codon 
(e.g., methionine) followed by an open reading frame and a translation termination codon. A "full- 

5 length" polynucleotide sequence encodes a "lull-length" polypeptide sequence. 

"Homology" refers to sequence similarity or, interchangeably, sequence identity, between two or 
more polynucleotide sa|uences or two or more polypeptide sequences. 

The terms "percent identity" and identity," as applied to polynucleotide sequences, refer to 
the percentage of residue matches between at least two polynucleotide satuences aligned using a 

10 standardized algorithm. Such an algorithm may insert, in a standardized and reproducible way, gaps in 
the sequences being compared in order to optimize alignment between two sequences, and therefore 
achieve a more meaningful comparison of the two sequences. 

Percent identity between polynucleotide sequences may be determined using the default 
parameters of the CLUSTAL V algorithm as incorporated into the MEG ALIGN version 3. 12e sequence 

15 alignment program. This program is part of the LASERGENE software package, a suite of molecular 
biological analysis programs (DNASTAR, Madison Wl). CLUSTAL V is described in Higgins, D.G, 
and P.M. Sharp (1989) CABIOS 5: 151-153 and in Higgins, D.G. et al. (1992) CABIOS 8:189-191. For 
pairwise alignments of polynuclauide sequences, the default parameters are set as follows: Ktuple=2, 
gap penalty=5, window=4, and "diagonals saved"=4. The "weighted" residue weight table is selected as 

20 the default. Percent identity is reported by CLUSTAL V as the "percent sinfiilarity" between aligned 
polynucleotide sequences. 

Alternatively, a suite of commonly used and freely available sequence comparison algorithms is 
provided by the National Center for Biotechnology Information (NCBl) Basic Local Alignment Search 
Tool (BLAST) ( Altschul. S.F. et al. (1990) J. Mol. Biol, 215:403-410), which is available from several 

25 sources, including the NCBI, Bethesda, MD, and on the Internet at 

http://www.ncbi.nIm.nih.gov/BLAST/. The BLAST software suite includes various sequence analysis 
programs including "blastn," that is used to align a known polynucleotide sequence with other 
polynucleotide sequences from a variety of databases. Also available is a tool called "BLAST 2 
Sequences" that is used for direct pairwise comparison of two nucleotide sequences. "BLAST 2 

30 Sequences" can be accessed and used interactively at http://vww.ncbi.nlni.nih.gov/gorf/bl2.html. The 
"BLAST 2 Sajuences ' tool can be used lor both biastn and blasip (discussed t>elow). BLAS1 prograiiLS 
are commonly used with gap and otho- parameters set to default settings. For example, to compare two 
nucleotide sequences, one may use biastn with the "BLAST 2 Sequences" tot^l Version 2.0. 1 2 (April-21 - 
2(X)0) set at default parameters. Such default parameters may be, for example: 

35 Matrix: BLOSUM62 
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Reward for match: I 
Penalty for mismatch: -2 
Open Gap: 5 and Extension Gap: 2 penalties 
Gap X drop-off: 50 
5 Expect: 10 

Word Size: IJ 
Filter: on 

Percent identity may be measured over the length ol an entire defined sequence, lor example, as 
defined by a particular SEQ ID number, or may be measured over a shorter length, for example, over the 

10 length of a fragment taken from a larger, defined sequence, lor instance, a fragment of at least 20, at 
least 30, at least 40, at least 50, at least 70, at least 100, or at least 2(X) contiguous nucleotides. Such 
lengths are exemplary only, and it is understixxl that any fragment length supported by the sequences 
shown herein, in the tables, figures, or Sequence Listing, may be used to describe a lengtli over which 
percentage identity may be measured. 

1 5 Nucleic acid sequences that do not show a high degree of identity may nevertheless encode 

similar amino acid sequences due to the degeneracy of the genetic code. It is underslocxl that changes in 
a nucleic acid sequence can be made using this degeneracy to prcxtucc multiple nucleic acid sequences 
that all encode substantially the same protein. 

The phrases "percent identity' and identity," as applied to polypeptide sequences, relcr to the 

20 percentage of residue matches between at least two polypeptide sequencas aligned using a standardized 
algorithm. Methods of polypeptide sequence alignment are well-known. Some alignment methods take 
into account conservative amino acid substitutions. Such conservative substitutions, explained in more 
detail above, generally preserve the charge and hydrophobicity at the site of substitution, thus preserving 
the structure (and therefore function) of the polypeptide. 

25 Percent identity between polypeptide sequences may be determined using the default parameters 

of the CLUSTAL V algorithm as incorpt^rated into the MEG ALIGN version 3.12c sequence alignment 
program (described and referenced above). For pairwise alignments of polypq>tide sequences using 
CLUSTAL V, the default parameters are set as follows: Ktuple=l, gap penalty=3, window=5, and 
"diagonals saved' =5. The PAM250 matrix is selected as the default residue weight table. As with 

30 polynucleotide aligmnents, the percent identity is reported by CLUSTAL V as the "percent similarity" 
between aligned polypeptide sequence pairs. 

Alternatively the NCBI BLAST software suite may be used. For example, for a pairwise 
comparison of two polypeptide sequences, one may use the "BLAST 2 Sequences" tool Version 2.0. 1 2 
(Apr-21-2000) with blastp set at default parameters. Such default parameters may be, for example: 

35 Matrix: BLOSUM62 
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Open Gap: II and Extension Gap: 1 penalties 
Gap X drop off: 50 
Expect: 10 
Word Size: 3 
5 Filter: on 

Percent identity may be tneasurcd over the length of an entire ilcfinai polypeptide sequence, lor 
example, as defined by a parUcular SEQ ID number, or may be measured over a shorter lengUi, lor 
example, over the length of a fragment taken from a larger, defined polypeptide sequence, for instance, a 
fragment of at least 15, at least 20, at least 30, at least 40, at least 50. at least 70 or at least 1 50 
10 contiguous residues. Such lengths arc exemplary only, and it is understood that any fragment length 
supported by the sequences shown herein, in the tables, figures or Sequence Listing, may be used to 
desaibe a length over which pacentage identity may be measured. 

"Human artificial chromosomes" ( HACs) are linear microchromosomes which may contain 
DNA sequences of about 6 kb to 10 Mb in size, and which contain all of the elements required for 
1 5 chromosome replication, segregation and maintenance. 

The term "humanized antibody" refers to an anUbody molecule in which the amino acid sequence 
in the non-anUgen binding regions has been altered so that the antibody more closely resembles a human 
antibody, and still retains its original binding ability. 

"HybridizaUon" refers to the process by which a polynucleotide strand anneals widi a 
20 complementary strand through base pairing under defined hybridization conditions. Specific 

hybridization is an indication that two nucleic acid sequences share a high degree of complementarity. 
Specific hybridizaUon complexes form under permissive annealing conditioas and remain hybridized 
after the "washing" step(s). The washing stepCs) is particularly important in determining the stringency 
of the hybridization process, with more stringent conditions allowing less non-specific binding, i.e., 
25 binding between pairs of nucleic acid suands that are not perfectly matched. Permissive conditioas for 
annealing of nucleic acid sequences are routinely determinable by one of ordinary skill in the art and may 
be consistent among hybridization experiments, whereas wash conditions may be varied among 
experiments to achieve the desired stringency, and therefore hybridization specificity. Permissive 
annealing conditions occur, for example, at 68"C in the presence of about 6 x SSC, about 1% (w/v) 
30 SDS, and about 100 Mg/"'' sheared, denatured salmon sperm DNA. 

Generally, stringency of hybridization is expressed, in part, with reference to the temperature 
under which the wash step is carried out. Such wash temperatures arc typically selected to be about 5"C 
to KTC lower than the thermal melting point (TJ for the specific sequence at a defined ionic strength 
and pH. The T,„ is Uie temperature (under defined ionic strengtii and pH) at which 50% of the target 
35 sequence hybridizes to a perfectly matched probe. An equation for calculating T,„ and conditions for 
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nucleic acid hybridizaUon are well known and can be found in San.br,«k, J. et al., 1989, Molecular 
rionin.. A t ,.h<.rarorv Manual, 2- ed.. vol. 1-3. Cold Spring Harbor Press, Plainview NY; specHcally 

see volume 2, chapter 9. 

High stringency conditions lor hybridization between polynucleotides of the present invention 

5 include wash conditions of 68^ in the presence of about 0.2 x SSC and about 0. 1 % SDS. for 1 hour. 
AlternaUvely. temperatures of about 65°C, 6(rC. 55"C. or 42°C may be used. SSC concentration may 
be varied from about 0. 1 to 2 x SSC, with SDS being present at about 0. 1 %. Typically, block.ng 
reagents are used to block non-specif.c hybridization. Such blocking reagents include, lor instance, 
sheared and denatured salmon sperm DNA at about 100-200 ng/ml. Organic solvent, such as 

10 lormamidc at a concentration of about 35-50% v/v, may also be used under particular circumstances, 
such as for RNA:DNA hybridizaUons. Useful variations on these wash conditions will be readily 
apparent to those of ordinary skill in the art. Hybridization, parUcularly under high suingency 
conditioas, may be suggesUve of evolutionary similarity between the nucimides. Such similarity is 
strongly indicative of a similar role for the nucleotides and their encoded polypeptides. 

1 5 The term "hybridization complex" refers to a complex formed between two nucleic acid 

sequences by virtue of the formation of hydrogen bonds between complementary bases. A hybridization 
complex may be formed in soluUon (e.g.. Col or Rot analysis) or formal between one nucleic acid 
sequence present in solution and another nucleic acid sequence immobilized on a solid support (e.g., 
paper, membranes, niters, chips, pins or glass slides, or any other appropriate substrate to which cells or 

20 tlieir nucleic acids have been fixed). 

The words "iasertion" and "addition" refer to changes in an amino acid or nucleoUde sequence 
resulting in the addition of one or more amino acid residues or nucleotides, respectively. 

"Immune response" can refer to condiUoas associated with inllammation, trauma, immune 
disorders, or infectious or genetic disease, etc. TTiese conditions can be characterized by expression of 
25 various factors. e.g.. cytokines, chemokines. and other signaHng molecules, which may affect cellular and 

systemic defease systems. 

An "immunogenic fragment" is a polypeptide or oligopepUde fragment of PPIM which is 
capable of eliciting an immune rcspoase when introduced into a living organism, tor example, a mammal. 
The term "immunogenic fragment" also includes any polypeptide or oligopepUde fragment of PPIM 
^0 which is useful in any of the antibody prcKtuction methcxk disclosed herein or known in the art. 

The term "microarray" refers to an arrangement of a plurality of polynucleotides. polypepUdes. 
or other chemical compounds on a substrate. 

The terms "element" and "array element" refer to a polynucleoUde. polypepUde. or other 
chemical compound having a unique and defined position on a microarray. 
35 The term "modulate" refers to a change in the activity of FPTM. For example. mcxlulaUon may 
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cause an increase or a decrease in protein activity, binding characteristics, or any other biological, 
functional, or immunological properties of PPIM. 

The phrases "nucleic acid" and "nucleic acid sequence" rclcr to a nucleotide, oligonucleotide, 
polynucleotide, or any fragment thereof. These phrases also refer to DN A or RNA of genomic or 
5 synthetic origin which may be single-stranded or double- stranded and may represent the sense or the 
antisense slrand, to peptide nucleic acid (PNA), or to any DN A-likc or RN A-like material. 

"Operably linked" refers to the situation in which a first nucleic acid sequence is placed in a 
functional relationship with a second nucleic acid sequence. For instance, a promoter is operably 
linked to a coding sequence if the promoter affects tlie U^anscription or expression of the coding 
10 sequence. Operably linked DNA sequences may be in close proximity or contiguous and, where 
necessary to join two protein coding regions, in the same reading frame. 

"Peptide nucleic acid" (FN A) refers to an antisense molecule or anti-gene agent which comprises 
an oligonucleotide of at least about 5 nucleotides in lengUi hnked to a peptide backbone of amino acid 
residues ending in lysine. The terminal lysine confers solubilily to the composition. PNAs preferentially 
15 bind complementary single stranded DNA or RNA and stop transcript elongation, and may be pegylated 
to extend their lifespan in the cell. 

"Post-translational modification" of an FPIM may involve lipidation, glycosylaUon, 
phosphorylation, acetylation, racemi/.ation, proteolytic cleavage, and other mcxiitlcations known in the 
art. These processes may occur syntheucally or biochemically. Biochemical modifications will vary by 
20 cell type depending on the enzymatic milieu of PPIM. 

"Probe" refers to nucleic acid sequences encoding PPIM, iheir complements, or fragments 
thereof, which are used to detect idenUcal, allelic or related nucleic acid sequences. Probes are isolated 
oligonucleotides or polynucIeoUdes attached to a detectable label or reporter molecule. Typical labels 
include radioacUve isotopes, ligands, chemiluminescent agents, and enzyme.s. "Primers" are short 
25 nucleic acids, usually DNA oligonucleotides, which may be annealed to a target polynucleoUde by 

complementary base-pairing. The primer may then be extended along Uic target DNA sU^and by a DNA 
polymerase en/yme. Primer pairs can be used for amplificaUon (and identification) of a nucleic acid 
sequence, e.g., by the polymerase chain reaction (PCR). 

Probes and primers as used in the present invention typically comprise at least 15 contiguous 
30 nucleoUdes of a known sequence. In order to enliance specificity, longer probes and primers may also be 
employed, such as probes and primers that comprise at least 20, 25, 30, 40, 50, bO, 70, ^0, 90, liA), or 
at least 1 50 consecutive nuda)Udes of the disclosed nucleic acid sequences. Probes and primers may be 
considerably longer than these examples, and it is understo(xl that any length supported by the 
specification, including the tables, figures, and Seciuence Listing, may be used. 
35 Methods for preparing and using probes and primers arc described in the references, for example 
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Sainbrook. J. et al. (1989) Moi^m.r Clonin.: A LahoratoiY Manual, 2"^ ed., vol. 1-3, Cold Spring 
Harbor Press. Plainview NY; Ausubcl. F.M. et al. (1987) Cnrrent Prouxols in Molecular B.oloRY , 
Greene Publ. Assoc. & Wiley-Intersciences, New York NY; Innis, M. et al. (1990) IWMocols^ 

n ...M..H..K.ndAonlicaUons. Acadeniic Press. San Diego C A. PCR primer pairs can be derived 

5 from a known sequence, for example, by using computer programs intended for that purpose such as 
Primer (Version 0.5, 1991, Whitehead InsUtute for Biomedical Research, Cambridge MA). 

Oligonucleotides for use as prin^rs arc selcclal using software known in the art lor such 
purpose. For example. OLIGO 4.06 software is useful for the selecUon of PCR primer pairs of up to 
100 nucleoUdes each, and for the analysis of oligonucleotides and larger polynucleotides of up to 5,000 
10 nucleosides from an input polynucleotide sequence of up to 32 kilohases. Similar primer selection 
programs have incorporated acWitional features for cxpandai capabilities. For example, the PnmOU 
primer selection program (available to the public from the Genome Cemer at University of Texas South 
West Medical Center. Dallas TX) is capable of ch(x>sing specific primers from megabase sequcncas and 
is thus useful for designing primers on a genomc-wide scope. The Primer3 primer selection program 
15 (available to the public from the Whitehead lastitute/MlT Center for Genome Research. Cambridge MA) 
allows the user to input a "mispriming library," in which sequences to avoid as pnmer binding sites are 
uscr-specilied. PrimerS is useful, in parUcular. for the selecUon of ohgonucleotides for microarrays. 
(The source code for the latter two primer selecUon programs may also be obtained from their rcspccu ve 
sources and mcxlified to meet the user's specific needs.) The PrimeGen program (available to the public 
20 from Uie UK Human Genome Mapping Project Resource Centre. Cambridge UK) designs primers based 
on mulUple sequence alignments, thereby allowing selection of primers that hybridize to either the most 
conserved or least conserved regions of aligned nucleic acid sequence;. Hence, this program is useful for 
idenUfication of both unique and conserved oligonucleoUdes and polynucleotide fragments. The 
oligonucleotides and polynucleotide fragments identified by any of the above selecUon methods are useful 
25 in hybridisation technologies, for example, as PCR or sequencing primers, microarray elements, or 
specific probes to identify fully or partially complementary polynucleotides in a sample of nucleic acids. 
Methods of oligonucleotide selection are not limited to those described above. 

A "recombinant nucleic acid" is a sequence that is not naturally occurring or has a sequence that 
is made by an artificial combination of two or more otherwise separated segments of sequence. This 
W artificial combination is often accomplished by chemical synthesis or. more commonly, by the artificial 
manipulation of isolated segments of nucleic acids, e.g., by genetic engineering techniques such as those 
described in Sambrook, suEia. The term recombinant includes nucleic acids that have been altered solely 
by addition, substitution, or deletion of a portion of the nucleic acid. Frequently, a recombinant nucleic 
acid may include a nucleic acid sequence operably linked to a promoter sequence. Such a recombinant 
35 nucleic acid may be part of a vector that is used, for example, to transform a cell. 
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Alternatively, such recombinant nucleic acids may be part of a viral vector, e.g.. basal on a 
vaccinia virus, that could be use to vaccinate a mammal wherein the recombinant nucleic acid is 
expressed, inducing a protective immunological respoase in the mammal. 

A "regulatory elen^nt" refers to a nucleic acid sequence usually derived from unuanslated 
5 regaoas of a gene and includes e.thancers. promoters, introns. and 5' and 3' untranslated reu.ons (UTRs). 
Regulatory elements interact with host or viral proteins which control traascription, translation, or RN A 
Stability. 

-Reporter molecules" are chemical or bicxhemical moiet.es used for labeling a nucle.c ac.d. 
amino acid, or anUbody. Reporter molecules include radionuclides; enzymes; tluorescent, 
.0 chemiluminescent. chromogenic agents; substrates; cofactors; inhibitors; magnetic parades; and other 

moieties known in the art. 

An "RNA equivalent." in reference to a DNA sequence, is cotnposed of the same linear sequence 
of nucleotides as the reference DNA sequence with the exception that all occurrences of the nitrogenous 
base thymine are replaced with uracil, and the sugar backbone is composed of ribose .astead ot 
15 deoxyribose. 

Tl,e term "sample" is used in its broadest sense. A sample suspected of containing nucle.c aads 
encoding PPIM. or fragments thereof, or PPIM itself, may compr.se a bodtly nu,d; an extract from a 
cell, chromosome, organelle, or membrane isolated from a cell; a cel.; genon^c DNA, RNA, or cDNA, m 
solution or bound to a substrate; a tissue; a tissue print; etc. 
20 The terms "specific binding" and "specifically b.ndmg " refer to that interaction between a 

protein or pepUde and an agonist, an antibody, an antagonist, a small molcule, or any natural or 
syntheUc binding composiUon. The interacUon is dependent upon the presence of a particular structure 
of the protein, eg., the anUgenic determinant or epitope, recognized by the btnding molecule. For 
example, if an anUbody is specific for epitope "A." the presence of a p<.lypeptide comprising the ep.tope 
25 A. or the presence of free unlabeled A. in a reaction containing free labeled A and the antibody will 
reduce the amount of labeled A that binds to the antibody. 

The term "substantially punfied" refers to nucleic acid or amino acid sequences that are removed 
from their natural enviromnent and are isolated or separatol, and are at least 60% free, preferably at 
least 75% free, and most preferably at least 90% free from other components with which they are 

^0 naturally asscKiated. 

A "substitution" refers to the replacement of one or more am.no ac.d residues or nucleotides by 

different amino acid residues or nuclcoUdes, respectively. 

"Substrate" refers to any suitable rigid or semi-rigid support including membranes, filters, chips. 
Slides wafers, fibers, magnetic or nonmagnetic beads, gels, tubing, plates, polyners, microparticles and 
3, capillaries. The substrate can have a variety of surface forms, such as wells, trenches, pins, channels 
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and pores, to which polynuclaiUdes or polypepUdes are bound. 

A "transcript image" refers to the collective pattern ot gene expression by a particular cell l>'pe 
or tissue under given conditions at a given time. 

"Transformation" describes a process by which exogenous DN A is introduced into a recipient 
5 cell. Transformation may occur under natural or artillcial conditions according to vari.^us nicth(xLs well 
known in the art. and may rely on any known method for the insertion of foreign nucleic acid sequences 
into a prokaryoUc or eukaryolic host cell. The method for transformaUon is selected based on the type ot 
host cell being transformed and may include, but is not limited to, bacteriophage or viral infection, 
elcctroporation. heal shock. lipofecUon. and particle bombardment. The term "transformed" cells 
10 includes stably transformed cells in which the inserted DNA is capable of rcplicaUon cither as an 

autonomously replicaUng plasmid or as part of the host chromosome, as well as transiently transfonnai 
cells which express the inserted DNA or RNA for limited pericxls of lime. 

A "transgenic organism." as used herein, is any organism, including but not limited to animals 
and plams, in which one or more of the cells of the organism contains heterologous nucleic acid 
15 introduced by way of human intervention, such as by transgenic techniques well known in the art. The 
nucleic acid is introduced into the cell, directly or indirectly by introduction into a precursor of the cell, 
by way of deliberate geneUc manipulation, such as by microinjection or by infection with a 
recombinant virus. The term gencUc manipulation does not include cla.ssica] cross-breeding, or invitro 
fertilizaUon. but rather is directed to the introduction of a recombinant DNA molecule. The transgenic 
20 organisms contemplated in accordance with the present invention include bacteria, cyanobacteria, 
fungi, plants, and animals. TUc isolated DNA of the presem invention can be introduced into the host 
by methods known in the art, for example infection, transfection. transfonnaUon or iransconjugation. 
Techniques for transfeiring the DNA of Uie present invention into such organisms are widely known 
and provided in references such as Sambrook, J. ct al. (1989), suEia. 

A "variant" of a particular nucleic acid sequence is defined as a nucleic acid sequence having at 
least 40% sequence identity to the particular nucleic acid sequence over a certain length of one of the 
nucleic acid sequences using blastn with the "BLAST 2 Sequences" tool Version 2.0.9 (May-07-1999) 
set at default parameters. Such a pair of nucleic acids may show, for example, at least 50%, at least 
60%. at least 70%. at least 80%. at least 85%, at least 90%, at least 95% or at least 98% or greater 
30 sequence idenUty over a certain dcfinal length. A variant may be described as, for example, an "allelic" 
(as defined above), "splice," "species." or "polymorphic" variant, A splice variant may have significant 
identity to a reference molecule, but will generally have a greater or lesser number of polynucleotides due 
to alternative splicing of exoas during mRN A prcKcssing. The corresponding polypeptide may possess 
additional functional domaias or lack domains Uiat are present in the reference molecule. Specias 
35 variants are polynucleotide sequences that vary from one species to another. The resulting polypepUdes 
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generally will have signiflcanl amino acid identity relative lo each other. A polymorphic variant is a 
variation in the polynucleotide sequence of a particular gene between individuals of a given species. 
Polymorphic variants also may encompass 'single nucleoude polymorphisms" (SNPs) in wh.ch the 
polynucleoUde sequence varies by one nucleotide base. The presence of SNPs may be indicau ve of. for 

5 example, a certain population, a disease state, or a propensity for a disease slate. 

A "variant" of a parUcular polypepUde sequence is dellned as a polypeptide sa|uencc having at 
least 40% sequence identity to the particular polypepUde saiuence over a certain length of one of the 
polypeptide sequences using blastp with the "BLAST 2 Sequences" tool Version 2.0.9 (May-07- 1 999) 
set at default parameters. Such a pair of polypeptides may show, for example, at least 50%, at least 

10 60%, at least 70%. at least 80%. at least 90%, at least 95%. or at least 98% or greater sequence idenUty 
over a certain defined length of one of the polypepUdcs. 
THE INVENTION 

The invention is based on the discovery of new human proteases and protease inhibitors (PPIM). 
the polynucleotides encoding PPIM. and the use of these compositions for the diagnosis, treatment, or 
15 prevcnUon of cell proliferative and autoimmune/innammatory disorders. 

Table 1 lists the Incyte clones used to assemble full length nucleotide sequences encoding PPIM. 
Columns 1 and 2 show the sequence identification numbers (SEQ ID NOs) of the polypeptide and 
nucleotide sequences, respectively. Column 3 shows the clone IDs of the Incyte clones in which nucleic 
acids enaxling each PPIM were identified, and column 4 shows the cDNA libraries from which these 
20 clones were isolated. Column 5 shows Incyte clones and their corresponding cDN A libraries. Clones for 
which cDNA libraries are not indicated were derived from ptx>led cDN A libraries. In some cases, 
GenBank sequence identifiers are also shown in column 5. The Incyte clones and GcnBank cDN A 
sequences, where indicated, in column 5 were used to assemble the consensus nucleotide sequence of 
each PPIM and are useful as fragments in hybridization technologies. 
25 The columns of Table 2 show various properties of each of the polypeptides of the invention: 

column 1 references the SEQ ID NO; column 2 shows the number of amino acid residues m each 
polypeptide; column 3 shows potential phosphorylation sites; column 4 shows potential glycosylation 
sites; column 5 shows the amino acid residues comprising signature sequences and motifs; colunm 6 
shows homologous sequences as identified by BLAST analysis; and c<Mumn 7 shows analytical methods 
30 and in some cases, searchable databases to which the analytical melhais were applied. The mcthcxls of 
column 7 were used to characterize each polypeptide through sequence homology and protein moufs. 

Thccolumas of Table 3 show the tissue-spccificity and diseases, disorders, or conditions 
associated with nucleotide sequences enaxling PPIM. The first column of Table 3 lists the nucleotide 
SEQ ID NOs. Column 2 lists fragments of the nucleotide sequencers of column 1 These fragments are 
35 usefiil. for example, in hybridisation or amplification technologies to identify SEQ ID NO:28-54 and 
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to disUnguish between SEQ ID NO:2H-54 and related polynucleotide sequences, llie polypeptide's 
cnccxied by the seleclal fragments of SEQ ID NO:28, SEQ ID NO:29, SEQ ID N0:3(), SEQ ID N0:31. 
SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID N0.35, SEQ ID NO:36, SEQ ID NO:39, 
SEQ ID NO:40, SEQ ID N0:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, 
5 SEQ ID N0.46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID N0:5(), SEQ ID NO:51, 
SEQ ID NO:52, SEQ ID NO:53, and SEQ ID NO;54 areuselul, tor example, as immunogenic peptides. 
Column 3 lists ussue categories which express PPIM as a fraction of total tissues expressing PPIM. 
Column 4 lists diseases, disorders, or conditions associated with those tissues expressing PPIM as a 
fraction of total tissues expressing PPIM. Column 5 lists the vators used to subclone each cDNA 
10 library. Of parucular note is the expression of SEQ ID NO:28 in gastrointestinal Ussue. Of particular 
note is the tissue-specific expression of SEQ ID N0:5 1 . Over 83% of Ifie tissues expressing SEQ ID 
N0:5I are derived from gastrointestinal tissue, particularly the liver. 

The columns of Table 4 show descriptions of llie tissues used to construct the cDNA libraries 
from which cDNA clones enoxiing PPIM were isolated. Column 1 references the nucleotide SEQ ID 
15 NOs, column 2 shows the cDNA libraries from winch these clones were isolated, and column 3 shows 
the tissue origins and other descriptive information relevant to the cDN A libraries in column 2. 

SEQ ID NO:30 maps to chromosome 9 within the interval from 78.4 to 90.6 centiMorgans. 
Tliis interval also contains a gene asscKiated with cell proliferation. 

SEQ ID NO:37 maps to chromosome 12 within the interval from 1 16.6 to 1 18.9 centiMorgans. 
20 This interval also contains a gene associated with a neurological disorder. 

SEQ ID NO:47 maps to chromosome 4 within the interval from 99.2 to 105.2 centiMorgans. 
This interval also contains a gene associated with cardiovascular disease. 

The invention also encompasses PPIM variants. A preferred PPIM variant is one which has at 
least about 80%, or altcrnaUvely at least about 90%, or even at least about 95% amino acid sequence 
25 identity to the PPIM amino acid sequence, and which contains at least one functional or structural 
characteristic of PPIM. 

The invention also encompasses polynucleotides which encode PPIM. In a particular 
embodiment, the invention encompasses a polynucleotide sequence comprising a sequence selected from 
the group consisting of SEQ ID NO:28-54, which enccxies PPIM. 'ITie polynucleotide sequences of SEQ 
30 ID NO:28-54, as presented in the Sequence Listing, embrace the equivalent RN A sequences, wherein 
occurrences of the nitrogenous base thymine arc replaced with uracil, and the sugar backbone is 
composed of ribose instead of dcoxyribosc. 

The invention also encompasses a variant of a polynucleotide sequence encoding PPIM. In 
particular, such a variant polynucleotide sequence will have at least about 70%, or alternatively at least 
35 about 85%s or even at least about 95% polynucleotide sequence identity to the polynuclaUide sequence 
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encoding PPIM. A particular aspect of the invention encompasses a variant ol a polymicleotjcle sequence 
comprising a sequence selected Irom the group consisting of SEQ ID NO:28-54 which has al least about 
70%, or alternaUvely at least about 85%, or even at least about 95% polynuclcoUde sequence identUy to 
a nucleic acid sequence selected from the group consisting of SEQ ID NO:28-54. Any one of the 
5 polynucleotide variants described above can encode an amino acid seciuence which contains at least one 
functional or structural characteristic of PPIM. 

It will be appreciated by those skilled in the art that as a result ol the degeneracy of the genetic 
code, a mulutude of polynucleotide sequences encodmg PPIM, some bearing minimal similarity to the 
polynucleotide sequences of any known and naturally occurring gene, may be prcxiuced. Thus, the 
10 invention contemplates each and every possible variauon of polynucleotide sequence that could be made 
by selecting combinations based on possible codon choices. Hiese conibmations are made in acaudancc 
with the standard triplet genetic code as applied to the polynucleotide sequence of naturally (xcurring 
PPIM, and all such variations are to be considered as being specilically disclosed. 

Although nucleotide sequences which encode PPIM and its variants are generally capable of 
1 5 hybridizing to the nucleotide sequence of the naturally occurring PPIM under appropriately selected 
conditions of stringency, it may be advantageous to produce nucleotide sequences encoding PPIM or its 
derivatives possessing a substantially different codon usage, e.g.. inclusion of non-naturally occurring 
codons. C(xlons may be selected to increase the rate at which expression of the peptide (x:curs in a 
parUcular prokaryotic or eukaryotic host in accordance with the frequency with which particular codons 
20 are utilized by the host. Other reasons for substantially altering the nucleotide sequence cnc(xling PPIM 
and its derivatives without altering the cncexled amino acid sequences include the production of RNA 
transcripts having more desirable properties, such as a greater half-life, than transcripts produced from 
the naturally occurring sequence. 

The invention also encompasses production of DNA sequences which encode PPIM and PPIM 
25 derivaUves, or fragments thereof, entirely by synthetic chemistry. After prcxluction, the synthetic 
sequence may be inserted into any of the many available expression vectors and cell systems using 
reagents well known in the art. Moreover, sy nthcUc chemistry may be used to introduce mutations into a 
sequence encoding PPIM or any fragment thera)f. 

Also encompassed by the invention are polynucleotide sequences that are capable of hybridizing 
30 to the claimed polynucleotide sequences, and, in particular, to those shown in SEQ ID NO:28-54 and 
Itagments thereof under various conditions of stringency. (See, e g., Wahl, G.M. and S.L. Berger ( 1 987) 
Methods Enzymol. 152:399-407; Kimmel, A.R. (1987) Methcxis En/.ymol. 152:507-511.) HybridizaUon 
conditions, including annealing and wash conditions, are descTibed in ^ Detlnitioas." 

Methods for DNA sequencing are well known in the art and may be used to practice any of the 
35 embodiments of the invention. The methcxis may employ such enzymas as the Klenow fragment of DNA 
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polymerase I, SEQUEN ASE (US Biochemical, Cleveland OH), Taq polymerase (PE Biosystenis, Foster 
City CA), thermostable T7 polymerase (Amcrsham Pharmacia Biotech, Piscataway NJ), or combinaUons 
or polymerase's and proofreading exonucieases such as those found in the ELONGASE ampliljcation 
system (Life Technologies, Gaiihersburg MD). Preferably, sequence preparation is automated with 
3 machines such as the MICROLAB 2200 liquid transfer system (Haiiullon, Reno NV), PTC200 thermal 
cyder (MJ Research. Watertown MA) and ABl CATALYST 800 thermal cycler (PE Biosystems). 
Sequencing is then carried out using either the ABI 373 or 377 DNA sequencing system (PE 
Biosysiems), the MEGABACE 1000 DNA sequencing system (Molecular Dynamics, Sunnyvale CA), or 
other systems known in the art. The resulting sequences are analyzed using a variety of algorithms 
10 which arc well known in the art. (See, e.g., Ausubel, P.M. (1997) Short Protocols in Molecular Biology, 
John Wiley & Sons, New York NY, unit 7.7; Meyers, R.A. (1995) Molecular Biology and 
Biotechnoloev , Wiley VCH, New York NY, pp. H56-853.) 

The nucleic acid sequences encoding PPIM may be extended utilizing a partial nucleotide 
sequence and employing various PCR-based methods known in the art to detect upstream sequences, 
15 such as promoters and regulatory elements. For example, one meth(xl which may be employed, 
restriction-site PCR, uses universal and nested primers to amplify unknown sequence from genomic 
DNA within a cloning vector. (See, e.g., Sarkar, G. (1993) PCR Methods Applic. 2:318-322.) Another 
method, inverse PCR, uses primers that extend in divergent directions to amplify unknown sequence 
from a circularized template. The template is derived from restriction fragments comprising a known 
20 genomic locus and surrounding sequences. (See, e.g., Triglia, T. et al. (1988) Nucleic Acids Res. 
16:8186.) A third method, capture PCR, involves PCR amplification of DNA fragments adjacent to 
known sequences in human and yeast arUficial chromosome DNA. (See, e.g., Lagerstrom, M. et al. 
(1991) PCR Methods Applic. 1 :1 11-1 19.) In this method, mulUple restriction enzyme digestions and 
ligations may be used to insert an engineered double-stranded sequence into a region of unknown 
25 sequence before performing PCR. Other methods which may be used to retrieve unknown sequences are 
known in the art. (See, e.g., Parker, J.D. et al. (1991) Nucleic Acids Res. 19:3055-3060). Additionally, 
one may use PCR, nested primers, and PROMOTERFINDER libraries (Clontech, Palo Alto CA) to 
walk genomic DNA. This procedure avoids the need to screen libraries and is useltjl in finding 
intron/exon juncUons. For all PCR-based methods, primers may be designed using commercially 
30 available software, such as OLIGO 4.06 Primer Analysis software (NaUonal Biosciences, Plymouth 
MN) or anothCT appropriate program, to be about 22 to 30 nucleotides in length, to have a GC content of 
about 50% or more, and to anneal to tlie template at temperatures of about 68X to 72"C. 

When screening for full-length cDNAs, it is preferable to use libraries that have been 
size-selected to include larger cDNAs. In addition, random-primed libraries, which often include 
35 sequences containing the 5' regions of genes, are preferable for situations in which an oligo d(T) library 



WO«1/.0«H.3 PCT/l.SOO/2.878 

d(x» not yield a ftill-Iength cDNA. Genomic libraries may be useful lor extension of sequence into 5' 
non-transcribed regulatory regions. 

Capillary electrophoresis systcias which arc commercially available may be used to analy/.e the 
size or confirm die nucleotide sequence of sequencing or PCR pnxJucls. In parUcular, capillary 
5 sequencing may employ llowable polymers for electrophoretic separation, lour different nucleot.de- 
specific. laser-sUmulated nuorcscent dyes, and a charge couplal device camera for detecUon of die 
emitted wavelengths. Outpul/light intensity may be converted to electrical signal using appropriate 
software (e.g.. GENOTYPER and SEQUENCE NAVIGATOR, PE Biosystems). and the entire pr(K;c^s 
from loading of samples to computer analysis and electronic data display may be computer controlled. 
10 Capillary electrophoresis is especially preferable for sequencing small DNA fragments which may be 
present in limited amounts in a particular sample. 

m another embodiment of the invention, polynucleotide sequences or fragments thereof which 
encode PPIM may be cloned in recombinant DNA molecules that direct expression of PPIM, or 
fragments or functional equivalents thereof, in appropriate host cells. Due to the inherent degeneracy of 
15 the genetic code, other DNA sequences which encode substantially the same or a functionally equivalent 
ammo acid sequence may be produced and used to express PPIM. 

The nucleoUdc sequences of the present invenUon can be engineered using methods generally 
known in the art in order to alter PPIM-encoding sequences for a variety of purposes including, but not 
limited to. modification of the cloning, processing, and/or expression of the gene prcxluct. DNA 
20 shuffling by random fragmentaUon and PCR reassembly of gene fragments and synthetic 

oligonucleoUdes may be used to engineer the nucleoUde sequences. For example, oligonucleoUde- 
mediated site-directed mutagenesis may be used to intrcxluce mutaUons that create new restricUon sites, 
alter glycosylation patterns, change codon preference, produce splice variants, and so forth. 

The nucleoUdes of the present invenUon may be subjected to DNA shuffling techniques such 
25 as MOLECULARBREEDING (Maxygen Inc., Santa Clara CA; described in U.S. Patent Number 
5.837,458; Chang, C.-C. ct al. (1999) Nat. Bioiechnol. 17.793-797; Christians, F.C. et al. (1999) Nat. 
Biote^hnol. 17:259-264; and Crameri, A. et al. (1996) Nat. Biotechnol. 14:315-319) to alter or improve 
the biological properties of PPIM. such as its biological or enzymaUc activity or its ability to bind to 
other molecules or compounds. DNA shuffiing is a process by which a library of gene variants is 
30 produced using PCR-medialed recombination of gene fragments. The library is then subjected to 
selection or screening procedures that idenUfy those gene variants with the desired properties. These 
preferred variants may then be pooled and l^rUier subjected to recursive rounds of DNA shufning and 
selection/screening. Thus, genetic diversity is created through "artificial" breeding and rapid molecular 
evolution. For example, fragments of a single gene containing random point mutations may be 
35 recombined. screened, and then reshuflled until the desired properues arc opUmizcd, Alternatively. 
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fragments of a given gene may be rccombincd with fragnienis of homologous genes in the same gene 
family, either from the same or different species, thereby maximizing the geneUc diversity of multiple 
naturally occurring genes in a directed and controllable manner. 

In another embodiment, sequences encoding PPIM may be synthesized, in whole or in part, using 

5 chemical mcthcxls well known in the art. (See. e.g., Caruihcrs, M.H. et al. (1980) Nucleic Acids Symp. 
Ser. 7:215-223; Horn, T. et al. (1980) Nucleic Acids Symp. Ser. 7:225-232.) Alternatively, PPIM itself 
or a fragment thereof may be synthesized using chemical methods. For example, peptide synthesis can 
he performal using various solution-phase or solid-phase techniques. (See, e.g., Creighton, T. (1984) 
Proteins, Structures and Molecular Properties , WH Freeman, New York NY, pp. 55-60; and Roberge, 

10 J.Y. et al. (1995) Science 269:2()2-2()4. ) Automated synthesis may be achieved using the ABI 431 A 
peptide synthesizer (PE Biosystems). Additionally, the amino acid sequence of PPIM, or any part 
thereof, may be altered during direct synthesis and/or combined with sequences from other proteins, or 
any part thereof, to produce a variant polypepUde or a polypepUde having a sequence of a naturally 
occurring polypeptide, 

15 The peptide may be substantially purified by preparative high performance liquid 

chromatography. (See, e.g., Chiez, R.M. and F.Z. Regnier (1990) Methods Enzymol. 182:392-421 .) 
The composition of the syntheUc peptides may be confirmed by amino acid analysis or by sequencing. 
(See, e.g., Creighion, supra , pp. 28-53.) 

In order to express a biologically acUve PPIM, the nucleoUde sequences encoding PPIM or 

20 derivatives thereof may be inserted into an appropriate expression vector, i.e., a vector which contains 
the necessary elements for transcriptional and translational control of the iaserted coding sequence in a 
suitable host. These elements include regulatory sequences, such as enhancers, constitutive and inducible 
promoters, and 5' and 3' untranslated regioas in the vector and in polynucleoQde sequences encixling 
PPIM. Such elements may vary in their strength and specificity. Specific initiation signals may also be 

25 used to achieve more efficient translaUon of sequences encoding PPIM. Such signals include the ATG 
iniUaUon codon and adjacent sequences, e.g. the Kozak sequence. In cases where sequences enccxling 
PPIM and its initiation c(xion and upstream regulatory sequences are inserted into the appropriate 
expression vector, no additional transcriptional or translational control signals may be needed. However, 
in cases where only coding sequence, or a fragment thereof, is inserted, exogenous traaslational control 

30 signals including an in-frame ATG initiation codon should be provided by the vector. Exogenous 
translational elements and iniuation codons may be of various origins, both natural and synthetic. The 
efficiency of expression may be enhanced by the inclusion of enhancers appropriate for the particular 
host cell system used. (See, e.g., Scharf, D, et al. (1994) Results Probl. Cell Differ. 20:125-162.) 

Mclhtxls which arc well known to those skilled in the art may be used to construct expression 

35 vectors containing sequences enccxling PPIM and appropriate transcriptional and translaUonal control 
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elements. These meth(xis include in vitro recombinant DNA techniques, synthetic techniques, and in vivo 
genetic reconibinalion. (See, e.g., SambrcK)k, J. et al. il989) Molecular Cloning, A La boratory Manual 
Cold Spring Harbor Press, Plainview NY, ch. 4, 8, and 16-17; Ausubel, P.M. et al. (1995) Current 
Protocols in Molecular Biology . John Wiley & Sons, New York NY, ch. 9, 13, and 16.) 

5 A variety of expression vector/host systems may be utilized to contain and express set]uences 

enc(xling FTIM. These include, but are not limited to, micr(X)rganisms such as bacteria translormcd with 
recombinant bacteriophage, plasmid, or cosmid DNA expression vectors: yeast translormcd with yeast 
expression vectors; insect cell systems infected with viral expression vectors (e.g., baculovirus); plant 
cell systems transformed with viral expression vectors (e.g., caulillower mosaic virus, CaMV, or tobacco 

10 mosaic virus, TMV) or with bacterial expression vectors (e.g., Ti or pBR322 plasmids); or animal cell 
systems. (See, e.g., Sambrcwk, supra ; Ausubel, supra : Van Hecke, G. and S.M. Schuster (1989) J. 
Biol. Chem. 264:5503-5509; Bitter, G.A. et al. (1987) Methods Enzymol. 153:516-544; Scorer, C.A. 
et al. (1994) Bio/Technology 12:181-184; Engelhard, E.K. et al. (1994) Proc. Natl. Acad. Sci. USA 
91:3224-3227; Sandig, V. etal. (1996) Hum. Gene Ther. 7:1937-1945; Takamatsu, N. (1987) EMBO 

15 J. 6:307-311; Conizzi, G. et al. (1984) EMBO J. 3:1671-1680; Broglie, R. et al. (1984) Science 
224:838-843; Winter, J. et al. (1991) Results Probl. Cell Differ. 17:85-105; The McGraw Hill 
Yearbook of Science and Technology (1992) McGraw Hill, New York NY, pp. 191-196; Logan, J. and 
T. Shenk (1984) Proc. Natl. Acad. Scu USA 81:3655-3659; and Harrington, J.J. et al, (1997) Nat. 
Genet. 15:345-355.) Expression vectors derived from retroviruses, adenoviruses, or herpes or vaccinia 

20 viruses, or from various bacterial plasmids, may be used for delivery of nucleotide sequences to the 
targeted organ, tissue, or cell population. (See, e.g., Di Nicola, M. et al. (1998) Cancer Gen. Ther. 
5(6):350-356; Yu, M. el al. (1993) Proc. Natl. Acad. Sci, USA 90(13):6340-6344; Buller, R.M. et al. 
(1985) Nature 31 7(6040):81 3-815; McGregor, D.P. et al. (1994) Mol. Immunol. 3 1(3):219-226; and 
Verma, I.M. and N. Somia (1997) Nature 389:239-242.) The invention is not limited by the host cell 

25 employed. 

In bacterial systems, a number of cloning and expression vectors may be selected depending 
upon the use intended for polynucleotide sequences encoding PPIM. For example, routine cloning, 
subcloning, and propagation of polynucleotide sequences encoding PPIM can be achieved using a 
multjfunctional E. coli vector such as PBLUESCRIPT (Stratagene, La Jolla CA) or PSPORTl plasmid 

30 (Life Technologies). Ligation of sequences enctxling PPIM into the vector's multiple cloning site 
disrupts the lacZ gene, allowing a color imeiri*. screening procedure lor identilication oi transformed 
bacteria containing recombinant molecules. In addition, these vectors may be useful for in vitro 
transcription, dideoxy sequencing, single strand rescue with helper phage, and creation of nested 
deletions in the cloned sequence. (See, e.g.. Van Heeke, G. and S.M. Schuster (1989) J. Biol, Chem. 

35 264:5503-5509.) When large quantities of PPIM are needed, e.g. for the production ol antibodies, 
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vectors which direct high level expression of PPIM may be used. For example, vectors containing the 
strong, inducible T5 or T7 bacteriophage promoter may be used. 

Yeast expression systems may be used for production of PPIM. A number of vectors contaimng 
constitutive or inducible promoters, such as alpha factor, alcohol oxidase, and PGH promoters, may be 
5 - Y--' ^-uTh.rnnw<.e,s cerevisiae or Pichiajiastorig- In addiuon. such vectors direct either the 
secreUon or intracellular retention of expressed proteins and enable integration of foreign sequences mio 
the host genome for stable propagation. (See, e.g., Ausubcl. 1995. sufira; Bitter, surra; and Scorer. 
supra .) 

Plant systems may also be used for expression of PPIM. Transcription of sequences enaxling 
10 PPIM may be driven viral promoters. e.g.. the 35S and 19S promoters of CaMV used alone or in 
combination with the omega leader sequence from TMV (Takamatsu, N. (1987) EMBO J. 6.307-31 1). 
AlternaUvely. plant promoters such as the small subunit of RUBISCO or heat shcx:k promoters may be 
usetl. (See, e.g., Coruz/.i. supra; Broglie, supra; and Winter, suEia.) These constructs can be mtrcKluccd 
into plant cells by direct DNA iransformaUon or pathogen-mediated transfection. (See, e.g., Ihe 
,5 Mrnrnw Hill Yearb-^^v ^' i.nre. and Technology (1992) McGraw Hill, New York NY. pp. 191-196.) 

In mammalian cells, a number of viral-based expression systems may be uuli^ed. In cases where 
an adenovirus is used as an expression vector, sequences enc<xiing PPIM may be Ugated into an 
adenovirus transcripUon/translaUon complex consisting ot the late promoter and tripartite leader 
sequence. Insertion in a non-essential El or E3 region of the viral genome may be used to obtain 
20 infecUve virus which expresses PPIM in host cells. (See, e.g.. Logan, J. and T. Shenk (1984) Proc. Natl. 
Acad. Sci. USA 81:3655-3659.) In addiUon. transcription enhancers, such as the Rous sarcoma virus 
(RSV) enhancer, may be used to increase expression in mammalian ho.st cells. SV40 or EBV-bascd 
vectors may also be used for high-level protein expression. 

Human artiticial chromosomes (HACs) may also be employed to deliver larger fragments of 
25 DNA than can be contained in and expressed from a plasmid. HACs of about 6 kb to 10 Mb arc 

constructed and delivered via conventional delivery methods (liposomes, polycationic amino polymers, or 
vesicles) for therapcuUc purposes. (See. e.g.. Harrington, J.J. et at. (1997) Nat. Genet. 15:345-355.) 

For long term production of recombinant proteins in mammalian systems, stable expression of 
PPIM in cell lines is preferred. For example, sequences encxiing PPIM can be transformed into cell 
30 lines using expression vectors which may contain viral origins of replication and/or endogenous 
expression elements and a selectable marker gene on the same or on a separate vector. Following the 
introducUon of the vector, cells may be allowed to grow for about 1 to 2 days in enriched media before 
being switched to selective media. The purpose of the selectable marker is to confer resistance to a 
selecUve agent, and its presence allows growth and recovery of cells which successfully express the 
35 introduced sequences. Resistant clones of stably transformed cells may be propagated using tissue 
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culture techniques appropriate to the cell type. 

Any number of selection systems may ^ used to recover transformed cell lines. These include, 
but are not Umited to. the herpes sin.plex virus thymidine kinase and adenine phosphor.bosyUransfcrase 
genes, for use in tk and apr cells. respecUvely. (See. e.g.. Wigler, M. et al. (1977) Cell 1 1 :223-232; 
5 Lowy. 1. et al. (1980) Cell 22:817-823.) Also. anUmetabolite. antibioUc. or herbicide resistance can be 
used as the basis for selection. For example, dhfr confers resistance to methotrexate; neo confers 
resistance to the aminoglycosides neomycin and G-418; and als and pa/ confer rasKSlancc to 
cWorsulfuron and phosphinolricin acetyltransferase. respecUvely. (See, e.g., Wigler, M. ct al. (1980) 
Prcx; Natl. Acad. Sci. USA 77:3567-3570; Colbere-Garapin. F. et al. (1981) J. Mol. Bio). 150:1-14.) 
,0 Additional selectable genes have been described, e.g., irpB and /h.vD. which alter cellular requirements 
for metabolites. (See. e-g.. Hartman. S.C. and R.C. Mulligan (1988) Proc. Natl. Acad. Sci. USA 
85:8047-8051.) Visible markers. e.g.. anthocyanins. green fluorescent proteins (GFP; Clontech), 15 
glucuronidase and its substrate B-glucuronide, or luciferasc and its substrate ludlerin may be used. 
These markers can be used not only to idenUfy transformants. but also to quanUfy the amount of 
15 transient or stable protein expression attributable to a specific vector system. (Sec. e.g.. Rhcxlcs, C.A. 
(1995) Methods Mol. Biol. 55:121-131.) 

Although Uie presence/absence of marker gene expression suggests that the gene of interest is 
also present, the presetice and expression of the gene may need to be confirmed. For example, if the 
sequence enc(xling PPIM is inserted within a marker gene sequence, transformed cells c<,ntainmg 
20 sequences encoding PPIM can be identified by the absence of marker gene function. Alternatively, a 
marker gene can be placed in tandem with a sequence encoding PPIM under U,e control of a single 
promoter. Expression of the marker gene in response to induction or selection usually indicates 

expression of the tandem gene as well. 

In general, host cells that contain the nucleic acid sequence encoding PPIM and that express 
25 PPIM may be identified by a variety of procedures known to those of skill in the art. These procedures 
include, but are not limited to. DN A-DN A or DN A-RN A hybridizations, PGR amplification, and protein 
bioassay or immunoassay techniques which .nclude membrane. soluUon. or chip based technologies for 
the detection and/or quanUficaUon of nucleic acid or protein sequences. 

Immunological methods for detecting and measuring the expression of PPIM using either 
.0 specific polyclonal or moncxlonal antibodies are known in the art. Examples of such techniques include 
enzyme-linked immunosorbent assays (ELlSAs). radioimmunoassays (RI As), and fluorescence activated 
cell sorUng (FAGS). A two-site, monoclonal-based immunoassay utilizing monoclonal anUbodies 
reactive to two non-interfering epitopes on PPIM is preferred, but a competitive binding assay may be 
employed. These and t^er assays are well known in the art. (See, e.g.. Hampton, R. et al. (1990) 
35 c^....... .. .horatorv Manual. APS Press. St. Paul MN, Sect. IV; Coligan. J.E. et al. 
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(1997) rnrrrnt Protocols in limnunologv . Greene Pub. A.ss(x;iates and Wiley-Inierscience, New York 
NY; and Pound, J.D. (1998) Immumxhemical ProtcKols . Humana Press, Toiowa NJ.) 

A wide variety or labels and conjugaUon techniques are known by those skilled in the an and 
may be used in various nucleic acid and amino acid assays. Means for producing labeled hybridization 
3 or PGR probes for delecting sequences rclatal to polynuclet)tidcs encoding PPIM include oligolabeling, 
nick translaUon, end-labeling, or PGR amplilicaUon using a labeled nucleotide. AlternaUvely, the 
sequences encoding PPIM, or any fragments thereof, may be clonal into a vector for the production of an 
mRNA probe. Such vectors are known in tlic art, are commercially available, and may be used to 
synthesize RNA probes in vitro by addiUon of an appropriate RNA polymerase such as T7, T3, or SP6 
10 and labeled nucleotides. These procedures may be conductett using a variety of commercially available 
kits, such as those provided by Aiiiersham Pharmacia Biotech, Promega (Madison Wl), and US 
Bi(x:hcmical. Suitable reporter molecules or labels which may be used for ease of dctccUon include 
radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic agents, as well as substrates, 
cofaclors. inhibitors, magnetic particles, and the like. 
15 Host cells transformed with nucleotide sequences encoding PPIM may be cultured under 

conditions suitable for the expression and recovery of the protein from cell culture. The protein 
produced by a transformed cell may be sccrctal or retained intracellularly depending on the sequence 
and/or the vector used. As will be understood by those of skill in the art. expression vectors containing 
polynucleotides which encode PPIM may be designed to contain signal sequences which direct secretion 
20 of PPIM through a prokaryotic or eukaryotic cell membrane. 

In addition, a host cell strain may be chosen for its ability to modulate expression of the inserted 
sequences or to process the expressed protein in the desired fashion. Such modifications of tiie 
polypeptide include, but are not limited to. acetylation. carboxylation, glycosylation, phosphorylation, 
lipidation, and acylation. Post-translational processing which cleaves a "prepro" or "pro" form of the 
25 protein may also be used to specify protein targeting, folding, and/or activity. Different host cells which 
have specific cellular machinery and characteristic mechanisms for post-translational activities (e.g., 
CHO, HeLa, MDCK, HEK293, and WI38) are available from the American Type Culture Collection 
(ATCC, Manassas VA) and may be chosen to ensure tiie cwrect modification and processing of the 
fcweign protein. 

10 In another embodiment of the invention, natural, modincd, or recombinant nucleic acid 

sequences enaxling PPIM may be ligated to a heterologous sequence resulting in translation of a fusion 
protein in any of the aforementioned host systems. For example, a chimeric PPIM protein containing a 
heterologous moiety that can be recognized by a commercially available antibody may facilitate the 
screening of peptide libraries for inhibitors of PPIM activity. Heterologous protein and peptide moieties 

35 may also facilitate purification of fusion proteins using conuiiercially available affinity matrices. Such 

31 



wo 01/10903 PCT/liSOO/21878 

moieties include, but are not limited to, glutathione S-transJerase (GST), maltose binding protein (MBP), 
Ihioredoxin (Trx), calmodulin binding peptide (CBP), 6-His, FLAG, c-niyc. and hemagglutinin (HA). 
GST, MBP, Trx, CBP, and 6-His enable purification of their cognate fusion proteins on immobilized 
glutathione, maltose, phenylarsine oxide, calmodulin, and melal-chelate resins, respectively. FLAG, c- 
5 myc, and hemagglutinin (HA) enable immunoaffmity purificatjon of fusion proteins using commercially 
available monoclonal and polyclonal anUbtxlies tliat specifically recognize these epitope tags. A fusion 
protein may also be engineered to contain a proteolytic cleavage site Itxated between the PPIM enc(xling 
sequence and the heterologous protein sequence, so that PPIM may be cleaved away from the 
heterologous moiety following puritication. Methods for fusion protein expression and puritlcation are 
10 discussed in Ausubcl (1995, supra, ch. 10). A variety of commercially available kits may also be used to 
facilitate expression and purification of fusion proteins. 

In a further embodiment of the invention, synthesis o! radiolabeled PPIM may be achieved in 
vitro using the TNT rabbit reticulocyte lysatc or wheat germ extract system (Promega). These systems 
couple transcription and translation of protein-coding sequences operably associated with the T7, T3, or 
15 SP6 promoters. TranslaUon takes place in the presence of a radiolabeled amino acid precursor , for 
example, ^^S-methioninc. 

PPIM of the present invention or fragments thereof may be used to screen for compounds that 
specifically bind to PPIM. At least one and up to a plurality of test compounds may be screened for 
specific binding to PPIM. Examples of test compounds include antibodies, oligonucleoUdes, proteins 
20 (e.g., receptors), or small molecules. 

In one embodiment, the compound thus identified is closely related to the natural ligand of 
PPIM, e.g., a ligand or fragment thereof, a natural subsUrate, a structural or functional mimetic, or a 
natural binding partner. (See, Cohgan, I.E. ct al. (1991) Current Protocols in Immunology 1(2): 
Chapter 5.) Similarly, the compound can be closely related to the natural receptor to which PPIM 
25 binds, or to at least a fragment of the receptor, e.g., the ligand binding site. In either case, the 
compound can be rauonally designed using known techniques. In one embodiment, screening for 
these compounds involves producing appropriate cells which express PPIM, either as a secreted protein 
or on the cell membrane. Preferred cells include cells from mammals, yeast, Drosophila, or coll . 
Cells expressing PPIM or cell membrane fractions wliich contain PPIM are then contacted with a test 
30 compound and binding, stimulation, or inhibition of acUvity of either PPIM or the compound is 
analyzed. 

An assay may simply test binding of a test compound to the polypeptide, wherein binding is 
detected by a lluorophore, radioisotope, enzyme conjugate, or other detectable label. For example, the 
assay may comprise the steps of combining at least one test compound with PPIM, either in solution or 
35 affixed to a solid support, and detecting the binding of PPIM to the compound. Alternatively, the 
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assay may detect or measure binding of a test compound in Uie presence of a labeled competitor. 
AddiUonally. the assay may be carried out using cell free preparations, chemical libraries, or natural 
product mixtures, and the test compound(s) may be free in solution or attlxed to a solid support. 

PPIM of the present invenUon or fragments thereof may be used to screen for compounds diat 
5 modulate the acUvity of PPIM. Such compounds may include agomsis, antagonists, or partial or 
inverse agonists. In one embodiment, an assay is performed under conditions permissive lor PPIM 
activity, wherein PPIM is combined with at least one test compound, and the acuvity of PPIM in the 
presence of a test compound is con.parcd with the activity of PPIM in the absence of the test 
compound. A change in the acUvity of PPIM in the presence of the test compound is indicative of a 
10 compound that modulates the acUvity of PPIM. AltcrnaUvely, a test compound is combined with an in 
vitro or cell-free system comprising PPIM under conditions suitable for PPIM activity, and the assay is 
performed. In cither of these a.ssays, a te.st compound which modulates the acUvity of PPIM may do so 
indirectly and need not come in direct ct)ntact with the test compound. At least one and up to a 
plurality of test compounds may be screened. 
15 In another embodiment, polynucleotides encc^ding PPIM or their mammalian homologs may 

be "Icnocked out" in an animal model system using homologous recombination in embryonic stem (ES) 
cells. Such techniques are well known in the art and are useful for the generation of animal models of 
human disea.se. (See, e.g., U.S. Patem No. 5,175,383 and U.S. Patent No. 5.767.337.) For example, 
mou.se ES cells, such a.s the mouse 129/SvJ cell line, are derived from the early mouse embryo and 
20 grown in culture. The ES cells arc transformed with a vector containing the gene of interest disrupted 
by a marker gene, e.g.. the neomycin phosphotransferase gene (nco; Capecchi, M.R. (1989) Science 
244: 1 288- 1 292). The vector integrates into the corresponding region of the host genome by 
homologous recombination. AllernaUvely. homologous recombination takes place using the Cre-loxP 
system to knockout a gene of interest in a ti.ssuc- or developmental stage-specific manner (Marth, J.D. 
25 (1996) Clin. Invest. 97:1999-2002; Wagner, K.U. et al. (1997) Nucleic Acids Res. 25:4323-4330). 
Transformed ES cells are identified and miaoinjcctcd into mouse cell blastocysts such as those from 
the C57BL/6 mouse strain. TTic blastocysts are surgically transferred to pscudopregnant dams, and the 
resulUng chimeric progeny are genotyped and bred to produce heterozygous or homozygous strains. 
Transgenic animals thus generated may be tested with potential thcrapeuUc or toxic agents. 
30 PolynucleoUdes cnaxling PPIM may also be manipulated inviim in ES cells derived from 

human blastocysts. Human ES cells have the potential to differentiate imo at least eight separate cell 
lineages including endoderm. mesoderm, and ectodermal cell types. TTiesecell lineages differentiate 
imo. for example, neural cells, hematopoietic lineages, and cardiomyocytes (Thomson. J.A. et al. 
(1998) Science 282:1 145-1 147). 
35 Polynucleotides encoding PPIM can also be used to create "knockin" humanized animals 



33 



PCT/l)S«0/21878 

WO 01/ltt'X)3 

(pigs) or transgenic animals (mice or rats) to model human disease. Wnh knockin technology, a region 
of a polynucleotide encoding PPIM is injected into animal ES cells, and the injected secjuence 
integrates into the animal cell genome. Transformed cells are injected into blastulae, and the blastulae 
are implanted as described above. Transgenic progeny or inbred lines arc studied and treated w,a, 
5 potcnUal pharmaceutical agents to obtain information on treatmem of a human disease. AlternaUvely, 
a mammal inbred to ovcrexpress PPIM, e.g., by secreting PPIM in .us milk, may also serve as a 
convenient source of that protein (Janne. J. et al. (1998 ) Biotechnol. Annu. Rev. 4:55-74). 
THERAPEUTICS 

Chemical and structural similarity, e.g., in the context of sequences and motifs, exists between 
10 regions of PPIM and proteases and protease inhibitors. In addiUon, the expression of PPIM is closely 
associated with cell proliferation, inHammation, llic immune response, and gastrointestinal, 
neurological, and rcproducUve tissue. Therefore, PPIM appears to play a role in cell proliferaUve and 
autoimmune/inflammatory disorders. In the treatment of disorders associated with increased PPIM 
expression or acUvity. it is desirable to decrea.se the expression or acUvity of PPIM. In the treatment of 
15 disorders associated with decreased PPIM expression or activity, it is desirable to increase the 
expression or activity of PPIM. 

Therefore, in one embodiment, PPIM or a fragment or derivative thereof may be administered 
to a subject to treat or prevent a disorder associated with decreased expression or activity of PPIM. 
Examples of such disorders include, but are not limited to, a cell proliferative disorder, such as aclinic 
20 keratosis, arteriosclerosis, atherosclerosis, bursitis, cirrhosis, hepatitis, mixed connective Ussue disease 
(MCTD), myelofibrosis, paroxysmal nocturnal hemoglobinuria, pt>lycythemia vera, psoriasis, primary 
thrombcKythemia, and cancers including adenocarcinoma, leukemia, lymphoma, melanoma, myeloma, 
sarcoma, teratocarcinoma, and, in particular, cancers of the adrenal gland, bladder, bone, bone marrow, 
brain, breast, cervix, gall bladder, ganglia, gastrointestinal tract, heart, kidney, liver, lung, muscle. 
25 ovary, pancreas, parathyroid, penis, prostate, salivary glands, skin, spleen, testis, thymus, thyroid, and 
uterus; and an autoimmune/inllammatory disorder such as acquired immunodeticiency syndrome 
(AIDS), Addison's disease, adult respiratory distress syndrome, allergies, ankylosing spondylitis, 
amyloidosis, anemia, asthma, atherosclerosis, autoimmune hemolytic anemia, autoimmune thyroiditis, 
autoimmune polyendocTinopathy-candidiasis-ectodermal dystrophy (APECED), bronchitis. 
30 cholecystitis, contact dermatitis, Crohn's disease, atopic dermatitis, dcrmalomyositis. diabetes mellitus, 
emphysema, episodic lymphopema with lymphocytutoxins. erythroblastosis fetalis, erythema 
nodosum, atrophic gastritis, glomerulonephritis, Goodpasture's syndrome, gout. Graves' disea.se. 
Hashimoto's thyroiditis, hypereosinophilia. irritable bowel syndrome, multiple sclerosis, myasthenia 
gravis, myocardial or pericardial inflammation, osteoarthritis, osteoporosis, pancreatitis, polymyositis. 
35 psoriasis. Reiter' s syndrome, rheumatoid arthritis, scleroderma. Sjogren's syndrome, systemic 
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anaphylaxis, systemic lupus eryUicmatosus, systemic sclerosis, ihronibocytopcnic purpura, ulcerative 
colitis, uveitis, Werner syndrome, complications ol cancer, hemodialysis, and extracorporeal 
circulaUon, viral, bacterial, lungal, parasitic, protozoal, and helminUiic infections, and trauma. 

In another embodiment, a vector capable ot expressing PPIM or a fragment or derivative thereof 
5 may be administered to a subject to treat or prevent a disorder associated with decreased expression or 
acUvily of PPIM including, but not limited to, those described above. 

In a further embodiment, a composiUon comprising a substantially purified PPIM in conjunction 
with a suitable pharmaceuUcal carrier may be administered to a subject to treat or prevent a disorder 
associated with deaeased expression or activity of PPIM including, but not limited to, those provided 
10 above. 

In still another embodiment, an agonist vi^liich modulates the acUvity of PPIM may be 
administered to a subject to treat or prevent a disorder associated wiQi tlecrcased expression or activity 
of PPIM including, but not limited to, those listed above. 

In a further embtxliment, an antagonist of PPIM may be administered to a subject to treat or 

15 prevent a disorder associated with increased expression or activity of PPIM. Examples of such 

disorders include, but are not limited to, those cell proliferative and autoimmune/intlammatory disorders 
described above. In one aspect, an antibody which specifically binds PPIM may be used directly as an 
antagonist or indirectly as a targeting or delivery mechanism lor bringing a pharmaceutical agent to cells 
or tissues which express PPIM. 

20 In an additional embodiment, a vector expressing the complement of the polynucleotide encoding 

PPIM may be administered to a subject to treat or prevent a tUsorder associated wiUi increased 
expression or activity of PPIM including, but not limited to, those described above. 

In oOier embodiments, any of tiie proteins, antagonists, antibodies, agonists, complementary 
sequences, or vectors of Oie invention may be administered in combination with oOier appropriate 

25 therapeutic agents. Selection of the appropriate agents for use in combination tiierapy may be made by 
one of ordinary skill in tiie art, according to conventional pharmaceutical principles. The combination of 
tiierapeutic agents may act synergistically to effect the treatment or prevention of the various disorders 
described above. Using this approach, one may be able to achieve tiierapeutic efficacy witii lower 
dosages of each agent, tiius reducing tiie potential for adverse side effects. 

30 An antagonist of PPIM may be produced using methcxls which are generally known in the art. 

In particular, purified PPIM may be used to produce anlib^xlies or to screen libraries of pharmaceutical 
agents to identify Oiosc which specifically bind PPIM. Antib(xlies to PPIM may also be generated using 
methods tiiat are well known in the art. Such antibcxJies may include, but are not limited to, polyclonal, 
monoclonal, chimeric, and single chain antibcxiics, Fab fragments, and fragments produced by a Fab 

35 expression library. Neutralizing antibodies (i.e., those which inhibit dimer formation) arc generally 
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preferred for ilierapeutic use. 

For the production of antibcxlies, various hosts including goats, rabbits, rats, mice, humans, and 
others may be immunized by injection with PPIM or with any fragment or oligopeptide thereof which has 
immunogenic properties. Depending on the host species, vari(His adjuvants may be used to increase 

5 immunological response. Such adjuvants include, but are not limited to, Freund's, mineral gels such as 
aluminum hydroxide, and surface active substances such as lysolecithin, pluronic polyols, polyanions, 
peptides, oil emulsions, KLH, and dinitrophenol. Among adjuvants used in humans, BCG (bacilli 
Calmette-Gucrin) and Corvncbacterium parvum are especially preferable. 

It is preferred that the oligopeptides, peptides, or fragments used to induce antibodies to FPIM 

10 have an amino acid sequence consisting of at least about 5 amino acids, and generally will consist of at 
least about 10 amino acids. It is also preferable that these oligopeptides, peptides, or fragments are 
identical to a portion of the amino acid sequence of the natural protein. Short stretches of PPIM amino 
acids may be fused with those of another protein, such as KLH, and antibtxiies to the chimeric molecule 
may be produced. 

15 Monoclonal antibodies to PPIM may be prepared using any technique which provides for the 

production of antibody molecules by continuous cell lines in culture. These include, but are not limited 
to, the hybridoma technique, the human B-^cell hybridoma technique, and the EB V-hybridoma technique, 
(See, e.g., Kohler, G. et al. (1975) Nature 256:495-497; Kozbor, D. et al. (1985) J. Immunol. Methods 
81:31-42; Cote, R.J. et al. (1983) Proc. Natl. Acad Sci. USA 80:2026-2030; and Cole, S.P. ct al. 

20 (1984) Mol. Cell Biol. 62:109-120.) 

In addition, techniques developed for the production of "chimeric antibodies," such as the 
splicing of mouse antibody genes to human antibody genes to obtain a molecule with appropriate antigen 
specificity and biological activity, can be used. (See, e.g., Morrison, S.L. et al. (1984) Proc. Natl. Acad. 
Sci. USA 81:6851-6855; Neuberger, M.S. et al. (1984) Nature 312:604-608; and Takeda, S. et al. 

25 (1985) Nature 314:452-454.) Alternatively, techniques described for the production of single chain 
antibodias may be adapted, using methods known in the art, to produce PPIM-specific single chain 
antibodies. Antibodies with related specificity, but of distinct idiotypic composition, may be generated 
by chain shuttling from random combinatorial immunoglobulin libraries. (See, e.g., Burton, D.R. (1991) 
Proc. Natl. Acad. Sci. USA 88:10134-10137.) 

30 Antilxxlies may also be produced by inducing in vivo production in the lymphocyte population or 

by screening immunoglobulin libraries or panels of highly specific binding reagents as disclosed in the 
literature. (See, e.g., Orlandi, R. et al. (1989) Proc. Natl. Acad. Sci. USA 86:3833-3837; Winter, G. et 
al (1991) Nature 349:293-299.) 

Antibody fragments which contain specific binding sites for PPIM may also be generated. For 

35 example, such fragments include, but are not limited to, F(ab')2 fragments prcxiuced by pepsin digestion 
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of the antibody molecule and Fab Iragments generated by reducing the disulfide bridges of the F(ab')2 
fragments. Alternatively, Fab expression libraries may be constructed to allow rapid and easy 
identitication of monoclonal Fab fragments with the desired specificity. (See, e.g., Husc, W.D. et al. 
(1989) Science 246:1275-1281.) 

5 Various immunoassays may be used for screening to idenUfy antibodies having the desired 

specificity. Numerous protocols for competitive binding or immunoradiomctric assays using either 
polyclonal or monex;lonal antibodies with established specihciUes are well known in the art. Such 
immunoassays typically involve the measurement of complex formaUon between PPIM and its specific 
antibody. A two-site, momxlonal-based immunoassay uUlizing monwlonal antibodies reactive to two 

10 non-interfering PPIM epitopes is generally useti, but a competitive binding assay may also be employed 
(Pound, supra ). 

Various methods such as Scatchard analysis in conjunction with radioimmunoassay techniques 
may be used to assess the aftinity of antibodies for PPIM. Alfmity is cxpressal as an association 
constant, K^, which is defined as the molar concenu-ation of PPIM-anUbixly complex divided by the 

1 5 molar concentraUoas of free antigen and free antibody under equilibrium conditions. The determined 
for a preparation of polyclonal antibodies, which are hetCTOgeneous in their af finities for multiple PPIM 
epitopes, represents the average affinity, or avidity, of the antib(xlies for PPIM. The IC, determined for a 
preparation of monoclonal antibodies, which are monospecific for a particular PPIM epitope, represents 
a true measure of affinity. High-afiinity antibody preparations with K, ranging from about lO*' to 10'^ 

20 L/mole are preferred for use in immunoassays in which tiie PPIM-antibody complex must withstand 
rigorous manipulations. Low-affinity antibody preparations witii ranging from about 10^ to lO' 
L/mole are preferred for use in immunopurification and similar procedures which ultimately require 
dissociation of PPIM, preferably in active form, from the antibody (Catty, D. (1988) Antibodies, Volume 
I: A Practical Approach , IRL Press, Washington DC; Liddell, J.E. and A. Cryer (1991) A Practical 

25 Guide to Monoclonal Antibodies , John Wiley & Sons. New York NY). 

The titer and avidity of polyclonal antib(xiy preparatioas may be further evaluated to determine 
the quality and suitability of such preparations for certain downstream applicatioas. For example, a 
polyclonal antibody preparation containing at least 1-2 mg specific antibody/ml, preferably 5-10 mg 
specific antibcxly/ml, is genea-ally employed in procedures requiring precipitation of PPlM-antibody 

30 complexes. Proccduras for evaluating antibody specificity, titer, and avidity, and guidelines for antibody 
quality and usage in various applications, are generally available. (See, e.g., Catty, supra, and Coligan 
ct al, supra .) 

In another embodiment of Uie invention, the polynucleotides encoding PPIM, or any fragment or 
complement thereof, may be used for therapeutic purposes. In one aspect, mcxlifications of gene 
35 expression can be achieved by designing complementary sequences or antisense molecules (DNA, RNA, 
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PNA, or modified oligonucleoUdes) to the coding or regulatory regions of ilie gene encixUng PPIM. Such 
technology is well known in the art, and anUsense oligonucleoUdes or larger fragments can be designed 
from various locaUons along the coding or control regions ol sequences encoding PPIM. (See, e.g., 
Agrawal, S., ed. (1996) Anfisense TherapcuUcs . Humana Press Inc., Toiawa NJ.) 

5 In therapeutic use, any gene delivery system suitable for intrcxluction oi the antiscnsc 

sequences into appropriate target cells can be used. Antisense sequences can be delivered 
intraccUularly in the form of an expression plasmid which, upon uanscription, produces a sequence 
complementary to at least a portion of the cellular sequence encoding tJic target protein. (See, e.g., 
Slater, J.E. el al. (1998) J. Allergy Clin. Immunol. l()2(3);46y-475; and Scanlon, K.J. et al. (1995) 

10 9(1 3): 1288- 1296.) AnUsense sequences can also be introduced intracellularly through the use of viral 
vectors, such as retrovirus and adeno- associated virus vectors. (Sec, e.g.. Miller, A.D. (1990) Blood 
76:271; Au.subel, supra; Uckert, W. and W. Walther (1994) Pharmacol. Ther. 63(3):323-347.) Other 
gene delivery mechanisms include liposome-denvcd systems, artificial viral envelopes, and otJier 
systems known in the an. (See, e.g.. Rossi, J.J. (1995) Br. Med. Bull. 51(1):217-225; Boado, R.J. et 

15 al. (1998) J. Pharm. Sci. 87(1 1);1308-1315; and Morris, M.C. et al. (1997) Nucleic Acids Res. 
25(14):2730-2736.) 

In another embodiment of the invcnUon, polynucleotides enccxling PPIM may be used for 
somatic or germlinc gene therapy. Gene therapy may be performed to (i ) correct a geneUc deficiency 
(c.g., in the cases of severe combined inmiunexlcnciency (SCID)-X 1 tliscase characterized by X-linkcd 
20 inheritance (Cava/./.ana-Calvo, M. ct al. (2000) Science 288:669-672), severe combined 

immunodeficiency syndrome associated with an inherited adenosine deaminase (ADA) deficiency 
(Blaese, R.M. et al. (1995) Science 270:475-480; Bordignon, C. ct al. (1995 ) Science 270:470-475), 
cysUc fibrosis (Zabncr, J. et al. (1993) Cell 75:207-216; Crystal, R.G. et al. (1995) Hum. Gene Therapy 
6:643-666; Crystal, R.G. et al. (1995) Hum. Gene Therapy 6:667-703), thalassamias. familial 

25 hypercholesterolemia, and hemophilia resulUng from Factor Vlll or Factor IX deficiencies (Crystal, R.G. 
(1995) Science 270:404-410; Verma, I.M. and N. Somia ( 1997) Nature 389:239-242)), (ii) express a 
conditionally lethal gene product (e.g., in the case of cancers which result from unregulated cell 
proliferation), or (iii) express a protein which affords protection against intracellular parasites (e.g., 
against human retroviruses, such as human immunodeficiency virus (HIV) (BalUmore, D. (1988) Nature 

30 335:395-396; Poeschla,E. et al. (1996) Proc. Natl. Acad. Sci. USA. 93:11395-11399), hepaUUs B or C 
virus (HBV, HCV); fungal parasites, such as Candida albicans and Paracoccidioides hrasilicnsis. and 
protozoan parasites such as PlasiiKxlium lalcinaruni and Trvpanosonia cruzi). In the case where a 
genetic deficiency in PPIM expression or regulation causes disease, the expr&ssion of PPIM from an 
appropriate population of transduced cells may alleviate the clinical manifestaUons caused by the geneUc 

35 deficiency. 
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In a ftirther embodiment of the invention, diseases or disorders causetl by dclicicncies in PPIM 
are treated by constructing mammalian expression vectors encoding PPIM and imroducing these vectors 
by mechanical means into PPIM-def.cient cells. Mechanical transfer technologies for use with cells in 
vivo or ex vitro include (i) direct DNA microinjection into individual cells, (ii) ballistic gold parucle 
5 delivery, (iii) liposome-mcdiated transfection, (iv) receptor- mediated gene transfer, and (v) the use of 
DNA transpt™ (Morgan, R.A. and W.F. Anderson (1993) Annu. Rev. Biochem. 62:191 217; Iv.cs, 
Z. (1997) Cell 91 :501-5 10; Boulay, J-L. and H. Recipon (1998) Curr. Opin. Biotechnol. 9:44.5-450). 

Expression vectors that may be effective for the expression of PPIM include, but are not limited 
to, the PCDNA 3.1, EPITAG, PRCCMV2, PREP, PVAX vectors (Invitrogen, Carlsbad CA), 
10 PCMV-SCRIPT, PCMV-TAG, PEGSH/PERV (Stratagene, La Jolla CA). and PTET-OFF. PTET-ON, 
PTRE2, PTRE2-LUC. PTK-HYG (Clontech. Palo Alto CA). PPIM may be expressed using (i) a 
constituUvely active promoter, (e.g.. from cytomegalovirus (CMV). Rous sarcoma virus (RSV), SV40 
virus, thymidine kinase (TK), or p-actin genes), (ii) an inducible promoter (e.g.. the 
tctracycline-regulated promoter (Gosscn, M. and H. Bujard (1992) Proc. Natl. Acad. Sc.. USA 89:5547- 
15 5551 ; Gossen, M. et al. (1995) Science 268:1766-1769; Rossi. F.M.V. and H.M. Blau (1998) Curr. 
Opin. Biotechnol. 9:451-456), commercially available in theT-REX plasmid (Invitrogen)); the 
ecdysone-inducible promoter (available in the plasmids PVGRXR and FIND; Invitrogen); the 
FK506/rapamycin inducible promoter; or the RU486/mifepristone inducible promoter (Rossi, F.M.V. 
and H.M. Blau, supra )), or (iii) a tissue-specific promoter or the native promoter of the endogenous gene 
20 encoding PPIM from a normal individual. 

Commercially available liposome transformation kits (e.g., the PERFECT LIPID 
TRANSFECTION KIT, available from Invitrogen) allow one with (wdinary skill in the art to deliver 
polynucle(jtides to target cells in culture and require minimal effort to optimize experimental parameters. 
In the alternative, transformation is performed using the calcium phosphate method (Graham, F.L. and 
25 A.J. Eb (1973) Virology 52:456-467), or by electrq)OTation (Neumann, E. et al. (1982) EMBO J. 
1 :841 -845). The introducUon of DNA to primary cells requires modification of these standardized 
maiTunalian transfection protocols. 

In another embodiment of the invention, diseases or disorders caused by genetic defects with 
respect to PPIM expression are ti-eated by constructing a retrovirus vector consisting of (i) the 
^0 polynucleotide encoding PPIM under the conliol of an independent promoter or the retrovirus long 
terminal repeat (LTR) promoter, (ii) appropriate RNA packaging signals, and (iii) a Rev-responsive 
element (RRE) along with additional retrovirus di-acting RNA sequences and coding sequences required 
for efficient vector propagation. Retrovirus vectors (e.g., PFB and PFBNEO) are cominercially 
available (Stratagene) and are based on published data (Riviere, I. et al. (1995) Proc. NaU. Acad. Sci. 
35 USA 92:6733-6737). incorporalal by reference herein. The vector is propagated in an apprt^priate 
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vector producing cell line (VPCL) that expresses an envelope gene with a tropisni for receptors on the 
target cells or a promiscuous envelope protein such as VSVg (Armentano, D. et al. (1987) J, Virol. 
61:1647-1650; Bender, M.A. el al. (1987) J. Virol. 61:1639-1646; Adam, M.A. and A.D. Miller (1988) 
J. Virol. 62:3802-3806; Dull, T. et al. (1998) J. Virol. 72:8463-8471; Zufferey, R. et al. (1998) J. Virol. 

5 72:9873-9880). U.S. Patent Number 5,910,434 to Rigg ("Mcthcxi for obtaining retrovirus packaging 
cell lines producing high transducing efficiency retroviral supernatant") discloses a method for obtaining 
reu-ovirus packaging cell lines and is hereby incorporated by reference. Propagation of retrovirus 
vectors, transduction of a population of cells (e.g., CD4" T-cells), and the return of transduced cells to a 
patient arc procedures well known to persons skilled in tlie art of gene therapy and have been well 

10 documented (Ranga, U. el al. (1997) J. Virol. 71:7020-7029; Bauer, G. et al. (1997) Blood 89:2259- 
2267; Bonyhadi, M.L. (1997) J. Virol. 71:4707-4716; Ranga, U. et al. (1998) Proc. Natl. Acad. Sci. 
USA 95: 1201-1 206; Su, L. (1997) Bkxxi 89:2283-2290). 

In the alternative, an adenovirus-based gene therapy delivery system is used to deliver 
polynucleotides encoding PRIM to cells which have one or more genetic abnormalities with respect to the 

1 5 expression of PPIM. The coastruction and packaging of adenovirus-based vectors are well known to 
those with ordinary skill in the art. Replication defective adenovirus vectors have proven to be versatile 
for importing genes encoding immunoregulatory proteins into intact islets in the pancreas (Csete, M.E. et 
al. (1995) Transplantation 27:263-268). Potentially useful adenoviral vectors are described in U.S. 
Patent Number 5,707,618 to Armentano ("Adenovirus vectors for gene therapy' ), hereby incorporated 

20 by reference. For adenoviral vectors, see also Antinozzi, P.A. et al. (1999) Annu. Rev. Nutr. 
19:511-544; and Verma, I.M. and N. Sonnia (1997) Nature 18:389:239-242, both incorporated by 
reference herein. 

In another alternative, a herpes-based, gene therapy delivery system is used to deliver 
polynucleotides encoding PPIM to target cells which have one or more genetic abnormalities with respect 

25 to the expression of PPTM. The use of herpes simplex virus (HSV)-bascd vectors may be especially 
valuable for introducing PPIM to cells of the central nervous system, for which HSV has a tropism. The 
construcUon and packaging of herpes-based vectors are well known to those with ordinary skill in the art. 
A replicaUon-competent herpes simplex virus (HSV) type 1 -based vector has been used to deliver a 
reporter gene to the eyes of primates (Liu, X. et al. ( 1999) Exp. Eye Res. 1 69:385-395). The 

30 construction of a HSV-1 virus vector has also been disclosed in detail in U.S. Patent Number 5,804,41 3 
to DeLuca ("Herpes simplex virus strains for gene traasfer"), which is hereby incorporated by reference. 
U.S. Patent Number 5,804,41 3 teaches the use of recombinant HSV d92 which consists of a genome 
containing at least one exogenous gene to be transferred to a cell under the control of the appropriate 
promoter for purposes including human gene therapy. Also taught by this patent are the construction 
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and use of recombinant HSV strains deleted for 1CP4, 1CP27 and 1CP22. For HSV vectors, see also 
Coins, W.F. cl al. (1999) J. Virol. 73:519-532 and Xu, H. et al. (1994) Dev. Biol. 163:152-161, hereby 
incorporated by reference. The manipulation of cloned herpasvirus sequences, the generation of 
recombinant virus following the transfection of mulUple plasmids containing different segments ol the 
5 large herpesvirus genomes, the grov^ and propagation of herpesvirus, and the inlecUon t)f cells with 
herpesvirus are techniques well known to those of ordinary skill in the art. 

In another alternative, an alphavirus (positive, single-stranded RNA virus) vector is used to 
deliver polynucleotides encoding PPIM to target cells. The biology of the prototypic alphavirus, Semliki 
Forest Virus (SFV), has been studied extensively and gene transfer vectors have been based on the SFV 
10 genome (Garoff, H. and K..J. Li (1998) Curr. Opin. Biotechnol. 9:464-469). During alphavirus RNA 
replication, a subgenomic RNA is generated that normally encodes the viral capsid proteins. This 
subgenomic RNA replicates to higher levels than the full-length genomic RNA, resulting in the 
overproduction of capsid proteins relative to the viral proteins with en7.ymaUc acUvity (e.g., protease and 
polymerase). Similarly, inserting the coding sequence for PPIM into the alphavirus genome in place of 
1 5 the capsid-coding region results in the producUon of a large number of PPlM-ccxiing RN As and the 
synthesis of high levels of PPIM in vector traasduced cells. While alphavirus infection is typically 
associated with cell lysis within a few days, the ability to establish a persistent inlecUon in hamster 
normal kidney cells (BHK-21) with a variant of Sindbis virus (SIN) indicates that the lyUc replicaUon of 
alphaviruses can be altered to suit the needs of the gene therapy application (Dryga, S.A. et al. (1997) 
20 Virology 228:74-83). The wide host range of alphaviruses will allow the introduction of PPIM into a 
variety of cell types. The specific transduction of a subset of cells in a population may require the 
sorting of cells prior to traasducUon. The methods of manipulaUng infectious cDN A clones of 
alphaviruses, performing alphavirus cDNA and RNA transfections, and performing alphavirus 
infections, are well known to those with ordinary skill in the art. 
25 Oligonucleotides derived from the transcription initiation site, e.g., between about positions -10 

and +10 from the start site, may also be employed to inhibit gene expression. Similarly, inhibition can b 
achieved using triple helix base-pairing methodology. Triple helix pairing is useful because it causes 
inhibition of Uie ability of the double helix to open sufficiently for the binding of polymerases, 
transcription factors, or regulatory molecules. Recent thcrapcuUc advances using triplex DNA have 
30 been described in the literature. (See, e.g., Gee, J.E. et al. (1994) in Huber, B.E. and B.I. Carr, 
Molecular and Immunologic Approaches , Futura Publishing, Mt. Kisco NY, pp. 163-177.) A 
complementary sequence or antiscnse molecule may also be designal to block translation of mRN A by 
preventing the transcript from binding to ribosomes. 

Ribozymes, enzymaUc RNA molecules, may also be used to catalyze the specific cleavage of 
35 RNA. The mechanism of ribozyme acUon involves sequence-specific hybridization of the ribozyme 
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molecule to coniplemenlary target RN A, followed by endonucleolylic cleavage. For example, engineered 
hammerhead motif ribozymc molecules may specifically and etllciently catalyze endonucleolytic 
cleavage of saiuences encoding PPIM. 

Specific ribozyme cleavage sites within any potential RNA target are initially identified by 

5 scanning the target molecule for ribozyme cleavage sites, including the following sequences: GUA, GUU, 
and cue. Once identified, short RNA sequences of between 15 and 20 ribonuclaitides, corresponding 
to the region of the target gene containing the cleavage site, may be evaluated for secondary structural 
features which may render the oligonucleotide inoperable. The suitability oi candidate targets may also 
be evaluated by testing accessibility to hybridization with complementary oligonucleotides using 

10 ribonuclease protection assays. 

Complementary ribonucleic acid molecules and ribozymes of the invention may be prepared by 
any method known in the art for the synthesis of nucleic acid molecules. These include techniques for 
chemically synthesizing oligonucleotides such as solid phase phosphoramidite chemical synthesis. 
Alternatively, RNA molecules may be generated by in vitro and in vivo transcription of DN A sequences 

15 encoding PPIM. Such DNA sequences may be incorporated into a wide variety of vectors with suitable 
RNA polymerase promotes such as T7 or SP6. Alternatively, these cDNA constructs that synthesize 
complementary RNA, constitutively or inducibly, can be introduced into cell lines, cells, or tissues. 

RNA molecules may be modified to increase intracellular stability and hall-life. Possible 
modifications include, but are not limited to, the addition of flanking sequences at the 5* and/or 3' ends of 

20 the molecule, or the use of phosphorothioate or 2' O-methyl rather than phosphodiesterase linkages 
within the backbone of the molecule. This concept is inherent in the production of PN As and can be 
extended in all of these molecules by the inclusion of nontraditional bases such as inosine, queosine, and 
wybutosine, as well as acetyl-, methyl-, thio-, and similarly modified forms of adenine, cytidine, guanine, 
thymine, and uridine which are not as easily recognized by endogenous endonucleases. 

25 An additional embodiment of the invention encompasses a method for screening for a 

compound which is effective in altering expression of a polynucleotide encoding PPIM. Compounds 
which may be effective in altering expression of a specific p(jlynucleotide may include, but are not 
limited to, oligonucleotides, antisense oligonucleotides, triple helix-forming oligonucleotides, 
transcription factors and other polypeptide transcriptional regulators, and non-macromolccular 

30 chemical entities which are capable of interacting with specific polynucleotide sequences. Effective 
compounds may alter polynucleotide expression by acting as either inhibitors or promoters oi 
polynucleotide expression. Thus, in the U-eatment of disorders associated with increased PPIM 
expression or activity, a compound which specifically inliibits expression of the polynucleotide 
encoding PPIM may be therapeutically useful, and in the treament of disorders associated with 

35 decreased PPIM expression or activity, a compound which specifically promotes expression of the 
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polynucleotide encoding PPIM may be therapeutically useful. 

At least one, and up to a plurality, of lest compounds may be screened for effectiveness in 
altering expression of a specif ic polynucleotide. A test compound may be obtained by any method 
commonly known in the art, including chemical modification of a compound kmnvn to be effective in 

5 altering polynucleotide expression; selecUon from an existing, commercially-available or proprietary 
library of naturally-occurring or non-natural chemical compounds; rational design of a compound 
based on chemical and/or structural properties of the target polynucleotide; and selection from a library 
of chemical compounds created combinatorially or randomly. A sample comprising a polynucleotide 
encoding PPIM is exposed to at least one test compound thus obtained. Tlie sample may comprise, for 

10 example, an intact or pemieabilized cell, or an in vitro cell-free or reconstituted biochemical system. 
Alterations in the expression of a polynucleotide encoding PPIM are assayed by any method 
commonly known in the art. Typically, the expression of a specific nucleotide is detected by 
hybridizaUon with a probe having a nucleotide sequence complementary to the sequence of Uie 
polynucleotide encoding PPIM. Tlie amount of hybridization may be quanUfied, Uius forming the 

15 basis for a comparison of the expression of tlie polynucleotide both with and without exposure to one 
or more test compounds. Detection of a change in the expression of a polynucleotide exposed to a test 
compound indicates that the test compound is effective in altering the expression of the polynucleotide. 
A screen for a compound effective in altering expression of a specific polynucleotide can be carried 
out, for example, using a Schizosaccharomvces pombe gene expression system (Atkins, D. et al. 

20 (1999) U.S. Patent No. 5,932,435; Arndt, G.M. ct af (2000) Nucleic Acids Res. 28:E15) or a human 
cell line such as HeLa cell (Clarke, M.L. et al. (20CX)) Biochem. Biophys. Res. Commun. 268:8-13). A 
particular embodiment of the present invention involves scTCcning a combinatorial library of 
oligonucleotides (such as deoxyribonucleotides, ribonucleotides, pepUde nucleic acids, and modified 
oligonucleotides) for anUsense acUvity against a specific polynucleotide sequence (Bmice, T.W. et al. 

25 (1997) U.S. Patent No. 5,686,242; Bruice, T.W. et al. (2000) U.S. Patent No. 6,022,691). 

Many methods for introducing vectors into cells or tissues are available and equally suitable for 
use in vivo , in vitro , and ex vivo . For ex vivo therapy, vectors may be introduced into stem cells taken 
from the patient and clonally propagated for autologous transplant back into that same patient. Delivery 
by transfection, by liposome injectioas, or by polycationic amino polymers may be achieved using 

30 methods which are well known in the art. (See, e.g., Goldman, C.K. ct al. (1997) Nat. Biotcchnol. 
15:462^466) 

Any of the therapeuUc methods described above may be applied to any subject in need of such 
therapy, including, for example, mammals such as humans, dogs, cats, cows, horses, rabbits, and 
monkeys. 

35 An additional embcxiiment of the invention relates to the administraUon of a composition which 
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generally comprises an active ingredient formulated with a pharmaceulically acceptable excipient. 
Excipients may include, lor example, sugars, starches, celluloses, gums, and proteins. Various 
Ibrmulations are commonly known and are thoroughly discussed in the latest edition of Reniinetoivs 
Pharmaceutical Sciences (Maack Publishing, Easton PA). Such composiUons may consist of PPIM, 

5 antibodies to PPIM, and niimetics, agonists, antagonists, or inlubitors of PPIM. 

The compositions utilized in tliis invention may be administered by any number of routes 
including, but not limited to, oral, intravenous, intramuscular, intra arterial, intramedullary, intrathecal, 
intraventricular, pulmonary, transdermal, subcutaneous, intraperitoneal, intranasal, enteral, topical, 
sublingual, or rectal means. 

10 ComposiUons for pulmonary administration may be prepared in hquid or dry powder form. 

These compositioas are generally aerosolized immediately prior to inhalation by the patient. In the case 
of small molecules (e.g. traditional low molecular weight organic drugs), aerosol delivery of fast-acting 
formulations is well-known in the art. In the case of macromolecules (e.g. larger pepUdes and proteins), 
recent developments in the field of pulmonary delivery via the alveolar region of tlie lung have enabled 

15 the practical delivery of drugs such as insulin to blocxi circulation (see, e.g., Palton, J.S. et al, U.S. 
Patent No. 5,997,848). Pulmonary delivery has the advantage of administration without needle injection, 
and obviates the need for potentially toxic penetration enhancers. 

Compositions suitable for use in the invention include compositions wherein the active 
ingredients are contained in an effective amount to achieve the intended purpose. The determination of 

20 an effective dose is well within the capability of those skilled in the art. 

Specialized forms of compositioas may be prepared for direct intracellular delivery of 
macromolecules comprising PPIM or fragments thereof. For example, liposome preparaUoas containing 
a cell-impermeable macromolccule may promote cell ftision and intracellular delivery of the 
macromolecule. Alternatively, PPIM or a fragment hereof may be joined to a short cationic N-terminal 

25 portion from the HIV Tat- 1 protein. Fusion proteins thus generated have been found to transduce into 
the cells of ail tissues, including the brain, in a mouse model system (Schwarze, S.R. et al. (1999) 
Science 285:1569-1572). 

For any compound, the therapeutically effective dose can be estimated initially either in cell 
culture assays, e.g., of neoplastic cells, or in animal models such as mice, rats, rabbits, dogs, monkeys, 

30 or pigs. An animal model may also be used to determine the appropriate concentration range and route 
of administration. Such inlbrmation can then be used to determine useful doses and routes lor 
administration in humans. 

A therapeutically effective dose refers to that amount of active ingredient, for example PPIM or 
fragments thereof, antibodies of PPIM, and agonists, antagonists or inhibitors of PPIM, which 

35 ameliorates the symptoms or condition. Therapeutic efficacy and toxicity may be determined by 
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Standard pharmaceuticai procedures in cell cultures or with experimental animals, such as by calculating 
the EDso (the dose therapeutically elTecUve in 50% of the population) or LD50 (the dose lethal to 50% of 
the population) statistics. The dose ratio ol toxic lo (herapcutic effects is the therapeutic index, which 
can be expressed as the LD^c/EDsq ratio. Compositions which exhibit large therapeutic indices arc 
5 preferred. The data obtained from cell culture assays and animal studies are used to formulate a range ol 
dosage for human use. The dosage contained in such compositions is preferably within a range of 
circulating concentrations that includes the ED50 with little or no toxicity. The dosage varies within this 
range depending upon the dosage ibrm employed, the sensitivity ol the patient, and the route of 
administration. 

10 Tlie exact dosage will be determined by llie practitioner, in light of factors related to tlie subject 

requiring treatment. Dosage and administration are adjusted to provide sufficient levels of the active 
moiety or to maintain the desired effect. Factors which may be taken into account include the severity of 
the disease state, the general health of the subject, the age, weight, and gender of the subject, tune and 
frequency of administration, drug combination(s), reaction sensitivities, and response to therapy. Long- 

15 acUng compositions may be administered every 3 to 4 days, every week, t^r biweekly depending on the 
half-life and clearance rate of the particular formulation. 

Normal dosage amounts may vary from about 0.1 /^g to 100,000 ^g, up to a total dose of about 
1 gram, depending upon the route of administration. Guidance as to particular dosages and methtxls of 
delivery is provided in the literature and generally available to practitioners in the art. Those skilled in 

20 the art will employ different formulatioas for nucleotides than for proteins or their inlubitors. Similarly, 
delivery of polynucleotides or polypeptides will be specific to particular cells, conditions, locations, etc. 
DIAGNOSTICS 

In another embodiment, antibodies which specitically bind PPIM may be used for the diagnosis 
of disorders characterized by expression of PPIM, or in assays to monitor patients being treated with 

25 PPIM or agonists, antagonists, or inliibilors of PPIM. Antibodies useful for diagnostic purposes may be 
prepared in the same manner as described above for therapeutics. Diagnostic assays for PPIM include 
methods which utilize the antibody and a label to detect PPIM in human body fluids or in extracts of 
cells or tissues. The antibodies may be used with or without mcxlification, and may be labeled by 
covalent or non-covaleni attachment of a reporter molecule. A wide variety of reporter molecules, several 

30 of which are described above, are known in the art and may be used. 

A variety ot protocols lor measunng PPIM, mcluding ELISAs, Ri As, and FAGS, are known in 
the art and provide a basis lor diagnosing altered or abnormal levels of PPIM expression. Normal or 
standard values for PPIM expression are established by combining body fluids or cell extracts taken 
from normal mammalian subjects, for example, human subjects, with antibody to PPIM under conditioas 

35 suitable for complex formation. The amount of standard complex formation may be cjuantitated by 

45 



wo 01/!(»903 



PrT/ljS()0/21878 



various methods, such as pholometric means. Quantities of PPIM expressed in subject, control, and 
disease samplCvS from biopsied tissue.s are compared with the standard values. Deviation between 
standard and subject values astablishcs the parameters for diagnosing disease. 

In another embodiment of tlie invention, the polynucleotides encoding PPIM may be used for 
5 diagnostic purposes. ^Fhe polynucleotides which may be used include oligonucleotide sequences, 
complementary RNA and DN A molecules, and PNAs. Tlic polynucla)tJdcs may be used to detect and 
quantify gene expression in biopsied tissues in which expression of PPIM may be correlated with 
disease. The diagnostic assay may be used to determine absence, presence, and excess expression of 
PPIM, and to monitor regulation of PPIM levels during therapeutic intervention. 

10 In one aspect, hybridization with PCR probes which are capable of detecting polynucleotide 

sequences, including genomic sequences, enctxJing PPIM or closely related molecules may be used to 
identify nucleic acid sequences which enc(xlc PPIM. The specificity of the probe, whether it is made 
from a highly specific region, e.g., the 5* regulatory region, or Jrom a less specific region, e.g., a 
conserved motif, and the stringency of the hybridization or amplification will determine whether the 

15 probe identifies only naturally occurring sequences encoding PPIM, allelic variants, or related sequences. 
Probes may also be used for the detection of related sequences, and may have at least 50% 
sequence identity to any of the PPIM encoding sequences. The hybridization probes of the subject 
invenfion may be DNA or RNA and may be derived from the sequence of SEQ ID NO:28-54 or from 
genomic sequences including promoters, enhancers, and introns of the PPIM gene. 

20 Means for producing specific hybridization probes for DNAs encoding PPIM include the cloning 

of polynucleotide sequences encoding PPIM or PPIM derivatives into vectors for the production of 
mRNA probes. Such vectors are known in the art, are commercially available, and may be used to 
synthesize RNA probes in vitro by means of the addition of the appropriate RNA polymerases and the 
appropriate labeled nucleotides. HybridizaUon probes may be labeled by a variety of reporter groups, 

25 for example, by radionuclides such as '^P or ^^S, or by enzymatic labels, such as alkaline phosphatase 
coupled to the probe via avidin/biotin coupling systems, and the like. 

PolynucleoUde sequences encoding PPIM may be used for the diagnosis of disorders associated 
with expression of PPIM. Examples of such disorders include, but are not limited to, a cell proliferative 
disorder, such as actinic keratosis, arteriosclerosis, atherosclerosis, bursitis, cirrhosis, hepatitis, mixed 

30 connective tissue disease (MCTD), myelofibrosis, paroxysmal nocturnal hemoglobinuria, 

polycythemia vera, psoriasis, primary thrombocythemia, and cancers including adenocarcinoma, 
leukemia, lymphoma, melanoma, myeloma, sarcoma, teratocarcinoma, and, in particular, cancers of 
tlie adrenal gland, bladder, bone, bone marrow, brain, breast, cervix, gall bladder, ganglia, 
gastrointestinal tract, heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid, penis, prostate, 

35 salivary glands, skin, spleen, testis, thymus, thyroid, and uterus; and an autoinunune/inflammatory 
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disorder such as acquired immunodeficiency syndrome (AIDS), Addison^s disease, adult respiratory 
distress syndrome, allergies, ankylosing spondylitis, amyloidosis, anemia, astlmia, atherosclerosis, 
autoimmune hemolytic anemia, autoimmune thyroiditis, autoimmune polyendocrinopathy-candidiasis- 
ectodermal dystrophy (APECED), bronchitis, choIecystiUs, contact dermaUUs, Crohn's disease, atopic 

5 dermaUtis, dermatomyositis, diabetes mellitus, emphysema, episodic lymphopenia with 

lymphocytotoxins, erythroblastosis fetalis, erythema nodosum, atrophic gastritis, glomerulonephritis, 
Goodpasture's syndrome, gout, Graves' disease, Hashjmoto\s thyroiditis, hypereosinophilia, irritable 
bowel syndrome, multiple sclerosis, myasthenia gravis, myocardial or pericardial intlammation, 
osteoarthritis, osteoporosis, pancreatitis, polymyositis, psoriasis, Reiter's syndrome, rheumatoid 

10 arthritis, scleroderma, Sjogren's syndrome, systemic anaphylaxis, systemic lupus erythematosus, 
systemic sclerosis, thrombocytopenic purpura, ulcerative colitis, uveitis, Werner syndrome, 
complications of cancer, hemodialysis, and extracorporeal circulation, viral, bacterial, fungal, parasiUc, 
proto/^oal, and helminthic infections, and trauma. The polynucleotide sequences enccxling PPIM may be 
used in Southern or northern analysis, dot blot, or other membrane-based technologies; in PGR 

15 technologies; in dipstick, pin, and nmlliformat ELISA-like assays; and in microarrays utili/Jng fluids or 
tissues from patients to detect altered PPIM expression. Such qualitaUve or quantitative methods are 
well known in the art. 

In a particular aspect, the nucleotide sequences enccxiing PPIM may be useful in assays that 
detect the presence of associated disorders, particularly those menuoned above. The nucleoUde 

20 sequences encoding PPIM may be labelal by standard mcttiixls and added to a fluid or tissue sample 
from a patient under conditions suitable for the formation of hybridization complexes. After a suitable 
incubation period, the sample is washed and the signal is quantilied and compared with a standard value. 
If the amount of signal in the patient sample is significantly altered in comparison to a control sample 
then the presence of altered levels of nucleotide sequences encoding PPIM in the sample indicates the 

25 presence of the ass(x:iated disorder. Such assays may also be used to evaluate die efficacy of a 

particular therapeutic treatment regimen in animal studies, in clinical trials, or to monitor the treatment 
of an individual patient. 

In order to provide a basis for the diagnosis of a disorder associated with expression of PPIM, a 
normal or standard profile for expression is established. This may be accomplished by combining body 

30 lluids or cell extracts taken from normal subjects, cither animal or human, with a sequence, or a 

iragment thereof, encoding PPIM, under conditions suitable for liybridi/aliun or jmpliricalic^n. Standard 
hybridization may be quantified by comparing the values obtained from normal subjects with values 
from an experiment in which a known amount of a substanUally purified polynucleoude is used. 
Standard values obtained in this manner may be compared with values obtained from samples from 

35 patients who arc symptomatic for a disorder. Deviation from standard values is used to establish the 
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presence of a disorder. 

Once the presence of a disorder is established and a irealinenl protocol is initiated, hybridization 
assays may be repeatal on a regular basis to determine if the level of expression in the paUent begins to 
approximate that which is observed in the normal subject. The results obtained from successive assays 

5 may be used to show the efficacy ol treatment over a period ranging from several days to months. 

With respect to cancer, the presence of an abnormal amount of transcTipt (either under- or 
overexpressed) in biopsied Ussue from an individual may indicate a predisposition for the development of 
the disease, or may provide a means for detecting the disease prior to the appearance of actual clinical 
symptoms, A more definitive diagnosis of this type may allow health professionals to employ 

10 preventative measures or aggressive treatment earlier thereby preventing the development or further 
progression of the cancer. 

Additional diagnostic uses for oligonucleotides designed front the sequences cncixiing PPIM may 
involve die use of PGR. These oligomers may be chemically synthesized, generated enzymatically, or 
produced in vitro . Oligomers will preferably contain a fragment of a polynucleoUde encoding PPIM, or 

1 5 a fragment of a polynucleotide complementary to the polynucleotide encoding PPIM, and will be 
employed under opUmized condiUons for identification of a specific gene or condition. Oligomers may 
also be employed under less stringent conditions for detection or quantification of closely related DN A or 
RNA sequences. 

In a particular aspect, oligonucleotide primers da-ived from the polynucleotide sequences 

20 encoding PPIM may be used to detect single nucleotide polymorphisms (SNPs). SNPs are substituUons, 
inserUons and deleUons that are a frequent cause of inherited or acquired genetic disease in humans. 
Methods of SNP detection include, but are not limited to, single-stranded conformation polymorphism 
(SSCP) and fluorescent SSCP (fSSCP) methods. In SSCP, oligonucleotide primers derived from the 
polynucleotide sequences encoding PPIM are used to amplify DNA using the polymerase chain reaction 

25 (PGR). The DNA may be derived, for example, from diseased or normal tissue, biopsy samples, bodily 
fluids, and the like. SNPs in the DNA cause differences in the secondary and tertiary structures of PGR 
products in single-stranded form, and these differences are deteclable using gel electrophoresis in non- 
denaturing gels. In fSCCP, the oligonucleotide primers are fluorescently labeled, which allows detection 
of the amplimers in high-throughput equipment such as DNA sequencing machines. AddiUonally, 

30 sequence database analysis meth()ds, termed in silico SNP (isSNP), are capable of idenfifying 

polymorphisms by comparing the sequence of individual overlapping DNA fragments which assemble 
into a common conseasus sequence. Tliese computer-based methods filter out sequence variauons due to 
laboratory preparation of DNA and se(iuencing errors using statistical models and automated analyses of 
DNA sequence chromatograms. In the alternative, SNPs may be detected and characterized by mass 

35 spectrometry using, for example, the high throughput MASS ARRAY system (Sequenom, Inc., San 
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Diego C A). 

Meth(xls which may also be used to quantity the expression oi PPIM include radiolabcling or 
biotinylaling nucla>Udes, coamphllcaUon of a control nucleic acid, and interpolating results from 
standard curves. (See, e.g., Mclby, P.C. et al (1993) J. Immunol Methods 159:235-244; Duplaa, C. et 
5 al. (1993) Anal. Biochem. 212:229-236.) The speed of quantitation of multiple samples may be 
accelerated by running the assay in a high-throughput format where the oligomer or polynucleotide of 
interest is presented in various dilutions and a specirophotometric or colorimetric response gives rapid 
quantitation. 

In further embodiments, oligonucleotides or longer fragments derived from any of the 

10 polynucleiUidc sequences described herein may be used as elements on a microarray. The microarray 
can be used in transcript imaging tectiniques which monitor the rclauve expression levels of large 
numbers of genes simultana)usly as described in Seilhamer, J.J. et al., "Comparative Gene Transcript 
Analysis," U.S. Patent No. 5,840,484, incorporated herein by reference. Tlie microarray may also be 
used to identify genetic variants, mutatioas, and polymorphisms. TOs information may be used to 

15 determine gene funcUon, to understand the genetic basis of a disorder, to diagnose a disorder, to monitor 
progression/regression of disease as a function of gene expression, and to develop and monitor the 
activities of therapeutic agents in the treatment of disease. In particular, this inlormaUon may be used to 
develop a pharmacogenomic profile of a paUent in order to select the most appropriate and effective 
treatment regimen for that patient. For example, therapeutic agents which are higWy effective and 

20 display the fewest side effects may be selected for a paUent based on his/her pharmacogenomic profile. 

In another embodiment, antibodies specific for PPIM, or PPIM or fragments thera:>f may be 
used as elements on a microarray. The microarray may be used to monitor or measure protein-protein 
interactioas, drug-target interactioas, and gene expression proliles, as described above. 

A particular embodiment relates to the use of the polynucleotides of the present invention to 

25 generate a transcript image of a tissue or cell type. A traascript image represents the global pattern of 
gene expression by a particular Ussue or cell type. Global gene expression patteras are analyzed by 
quantifying the number of expressed genes and their relative abundance under given conditions and at a 
given time. (See Seilhamer et al., "Comparative Gene Transcript Analysis," U.S. Patent Number 
5,840,484, expressly incorporated by reference herein.) Thus a u^aascript image may be generated by 

30 hybridizing the polynucleoUdes of the present invention or their complements to the totality of transcripts 
or reverse traascripts of a parUcular tissue or cell type. In one embodiment, the hybndizaUon takes place 
in high-tliroughput format, wherein the polynucleotides of the present invention or their complements 
comprise a subset of a plurality of elements on a microarray. The resultant transcript image would 
provide a profile of gene activity. 

35 Traascript images may be generated using transcripts isolated from tissues, cell lines, biopsies, 
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or other biological samples. The transcript image may thus rctlect gene expression in vivo, as in the case 
of a tissue or biopsy sample, or in vitro , as in the case of a cell line- 
Transcript images which profile the expression of the polynuc]a)tiiJes of the present invention 
may also be used in conjunction with i n vitro iiKxlel systems and preclinical evaluation of 

5 pharmaceuticals, as well as toxicological testing of industrial and naturally-cKcurring environmental 
compounds. All compounds induce characteristic gene expression patterns, frajucnily termed molecular 
fingerprints or toxicant signatures, which are indicative of mechanisms of action and toxicity (Nuwaysir, 
E.F. at al. (1999) Mol. Carcinog. 24:153-159; Steiner, S. and N.L. Anderson (2000) Toxicol. Lett. 112- 
1 1 3:467-471 , expressly incorporaied by reference herein). If a test compound has a signature similar to 

10 that of a compound with known toxicity, it is likely to share those toxic properties. These fingerprints or 
signatures are most useful and refined when they contain expression inlbrmation from a large number of 
genes and gene families. Ideally, a genome- wide measurement of expression provides the highest quality 
signature. Even genes whose expression is not altered by any tested compounds are important as well, as 
the levels of expression of these genes are used to normalize the rest of the expression data. The 

15 normalizadon procedure is useful for comparison of expression data after treatment with different 
compounds. While the assignment of gene function to elements of a toxicant signature aids in 
interpretation of toxicity mechanisms, knowledge of gene function is not necessary for the statistical 
matching of signatures which leads to predicUon of toxicity. (See, for example, Press Release 00-02 
from the National Institute of Environmental Health Sciences, released February 29, 2000, available at 

20 http://vww.nichs.nih.gov/cx:/news/t()xchip.him.) Therefore, it is important and desirable in toxicological 
screening using toxicant signatures to include all expressed gene sequences. 

In one embodiment, the toxicity of a test compound is assessed by treating a biological sample 
containing nucleic acids with the test compound. Nucleic acids that arc expressed in the treated 
biological sample are hybridized with one or more probes specific to the polynucleotides of the present 

25 invention, so that transcript levels corresponding to the polynucleotides of the present invention may 
be quantified. The transcript levels in the treated biological sample are compared with levels in an 
untreated biological sample. Differences in the transcript levels between the two samples are 
indicative of a toxic response caused by the test compound in the treated sample. 

Another particular embodiment relates to the use of the polypeptide sequences of the present 

30 invention to analyze the proteome of a tissue or cell type. The term proteome refers to the global pattern 
of protein expression in a particular tissue or cell type. Each protein component of a proteome can be 
subjected individually to further analysis. Proteome expression patterns, or profiles, are analyzxxi by 
quantifying the number of expressed proteins and their relative abundance under given conditions and at 
a given time. A profile of a cell's proteome may thus be generated by separating and analyzing the 

35 polypeptides of a particular tissue or cell type. In one embodiment, the separation is achieved using two- 
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dimensional gel electrophoresis, in which proteins troin a sample are separated by is(Xileclric Reusing in 
the llrst dimension, and then according to molecular weight by sodium dodecyl sulfate slab gel 
electrophoresis in the second dimension (Steiner and Anderson, supra ). The proteins are visualizal in the 
gel as discrete and uniquely positioned spots, typically by staining the gel with an agent such as 
5 Coomassie Blue or silver or nuorcsccnl stains. The optical density of each protein spot is generally 
proportional to the level of the protein in the sample. The optical densities of equivalcntly positioned 
protein spots from different samples, for example, from biological samples eitlier treated or untreated 
with a test compound or therapeutic agent, arc compared to identify any changes in protein spot deasity 
related to the treatment. The proteins in the spots are partially sequenced using, for example, standard 

10 methods employing chemical or enzymatic cleavage tdllowed by mass spectrometry. The identity of Uie 
protein in a spot may be dcta-niined by comparing its partial sequence, preferably ol at least 5 
contiguous amino acid residues, to the polypeptide sequences of the present invention. In some cases, 
further sequence data may be obtained for detlnilive protein identiticalion. 

A proteomic profile may also be generated using antibodies specific for PPIM to quantify the 

15 levels of PPIM expression. In one embodiment, the antibodies are used as elements on a miaoarray, and 
protein expression levels are quantified by exposing the microarray to the sample and detecting the levels 
of protein bound to each array element (Lueking, A. et al. (1999) Anal. Biochem. 270:103-1 1 1 ; 
Mendoze, L,G. et al. (1999) Biotechniques 27:778-788). Detection may be performed by a variety of 
methods knov^ in the art, for example, by reacUng the proteins in the sample with a tliiol- or amincv 

20 reactive tluorcsccnt compound and detecting the amount of fluorescence bimnd at each array element. 

Toxicant signatures at the proteome level are also useful for toxicological screening, and should 
be analyzed in parallel with toxicant signatures at the traascript level. There is a poor correlation 
between transcript and protein abundances for some proteins in some tissues (Anderson, N.L. and J. 
Seilhamer (1997) Electrophoresis 18:533-537), so proteome toxicant signatures may be useful in the 

25 analysis of compounds which do not significantly affect the transcript image, but which alter the 
proteomic profile. In addition, the analysis of transcripts in body fluids is difficult, due to rapid 
degradation of mRNA, so proteomic profiling may be more reliable and informative in such cases. 

In another embodiment, the toxicity of a test compound is assessed by treating a biological 
sample containing proteins with the test compound. Proteins that arc expressed in the treated biological 

30 sample are separated so that the amount of each protein can be quantified. The amount of each protein is 
compared to the amount of the corresponding protein in an untreated biological sample. A difference in 
the amount of protein between the two samples is indicative of a toxic response to the test compound in 
the treated sample. Individual proteins are identified by sequencing the amino acid residues of the 
individual proteias and comparing these partial sequences to the polypeptides of the present invention. 

35 In another emlxxiiment, the toxicity of a test compound is assessed by treating a biological 

51 



wo 01/10903 



PCT/ljS00/21H78 



sample containing proteins with the test compound. Proteins from the biological sample are incubated 
with antib(xiies specific to the polypeptides of the present invention. The aniounl of protein recognized 
by the antibodies is quantitled. The amount of protein in the treated biological sample is compared with 
the amount in an untrcatal biological sample. A difference in tJie amount of protein between the two 

5 samples is indicaUve of a toxic response to the test compound in the treated sample. 

Microarrays may be prepared, used, and analyzed using methxls known in the art. (See, e.g., 
Brennan, T.M. et al. (1995) U.S. Patent No. 5,474,796; Schena, M. el al. (1996) PrcK, Natl. Acad. Sci. 
USA 93:10614-10619; Baldeschweiler et al. (1995) PCT applicaUon W095/251 1 16; Shalon, D. et al. 
(1995) PCT application WO95/35505; Heller, R.A. et al. (1997) Proc. Natl Acad. Sci. USA 94:2150- 

10 2155; and Heller, M.J. el al. (1997) U.S. Patent No. 5,605,662.) Various types of microarrays are well 
known and thoroughly described in DNA Microarrays: A Pra ctical Approach, M. Schena, ed. (1999) 
Oxford University Press, London, ha*eby expressly incorporated by reference. 

In another enibixliment of the invention, nucleic acid sequences encoding PPIM may be used to 
generate hybridization probes useful in mapping the naturally occurring genomic sequence. Either 

15 coding or noncoding sequences may be used, and in some instances, noncoding sequences may be 
preferable over coding sequences. For example, conservation of a coding sequence among members of 
a multi-gene family may potentially cause undesired cross hybridizaUon during chromosomal 
mapping. Tlie sequences may be mapped to a particular chromosome, to a specitic region of a 
chromosome, or to arUficial chromosome coastructions, c.g., human artificial chromosomes (HACs), 

20 yeast arUficial chromosomes (YACs), bacterial artificial chromosomes (BACs), bacterial PI 

constructions, or single chromosome cDNA libraries. (See, e.g., Harrington, J.J. et al. (1997) Nat. 
Genet. 15:345-355; Price, CM. (1993) Blood Rev. 7:127-134; and Trask, B.J. (1991) Trends Genet. 
7: 149-154.) Once mapped, the nucleic acid sequences of the invention may be used to develop geneUc 
linkage maps, for example, which correlate the inheritance of a disease stale with the inheritance of a 

25 particular chromosome region or restriction fragment length polymorphism (RFLP). (See, e.g., 
Lander, E.S. and D. Botstein (1986) Proc. Natl. Acad. Sci. USA 83:7353-7357.) 

Fluorescent in situ hybridization (FISH) may be correlated with other physical and genetic map 
data. (See, e.g., Heinz-Ulrich, et al. (1995) in Meyers, supra , pp. 965-968.) Examples of genedc map 
data can be found in various scientific journals or at the Online Mendelian Inheritance in Man (OMIM) 

30 World Wide Web site. Cc^relation between the location of the gene encoding PPIM on a physical map 
and a specific disorder, or a predisposition to a spccilic disorder, may help define the region of DNA 
associated willi that disorder and thus may further positional cloning efforts. 

fn situ hybridization of chromosomal preparations and physical mapping techniques, such as 
linkage analysis using established chromosomal markers, may be used for extending genetic maps. Often 

35 the placement of a gene on the chromosome of another mammalian species, such as mouse, may reveal 
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associated markers even it the exact chromosomal I(x:us is not known. This inlbrmation is valuable lo 
investigators searching for disease genes using positional cloning or other gene discovery techniques. 
Once the gene or genes responsible for a disease or syndrome have been crudely localized by genetic 
linkage to a particular genomic region, e.g., ataxia-telangiectasia lo 1 lq22-23, any setjuences mapping to 
5 that area may represent ass{x:iated or regulatory genes for further investigatjon. (Sec, e.g., Gatti, R.A. el 
al. (1988) Nature 336:577-580.) Hie nucleotide sequence of the instant invention may also be used to 
detect differences in the chromosomal kxation due to translocation, inversion, etc., among normal, 
carrier, or affected individuals. 

In another embodiment of the invention, PPIM, its catalytic or immunogenic fragments, or 

10 oligopeptides thereof can be used for screening libraries of compounds in any of a variety of drug 
screening techniques. ITie fragment employed in such screening may be free in solution, affixed to a 
solid support, borne on a cell surface, or located intracellularly. The formation of binding complexes 
between PPIM and the agent being tested may be measured. 

Another technique for drug screening provides for high throughput screening of compounds 

15 having suitable binding affinity to the protein of interest. (Sec, e.g., Gcysen, el al. (1 984) PCT 
application WO84/03564.) In this method, large numbers of different small lest compounds are 
synthesized on a solid substrate. The test compounds arc reacted with PPIM, or fragments Uicrcof, and 
washed. Bound PPIM is Uien delected by mcthcxis well known in the art. Purified PPIM can also be 
coated directly onto plates for use in the aforementioned drug screening techniques. Alternatively, 

20 non-neutralizing antibodies can be used to capture the peptide and inunobili/c it on a solid support. 

In another embodiment, one may use competitive drug screening assays in which neutralizing 
antib(xlies capable of binding PPIM specifically compete with a tCvSt compound for binding PPIM. In 
this manner, antibodies can be used to detect the presence of any peptide which shares one or more 
antigenic determinants with PPfM. 

25 In additional embodiments, the nucleotide sequences which encode PPIM may be used in any 

molecular biology techniques that have yet to be developed, provided the new techniques rely on 
properties of nucleotide sequences that are currently known, including, but not limited to, such properties 
as the triplet genetic code and specific base pair interactions. 

Without further elaboration, it is believed that one skilled in the art can, using the preceding 

30 description, utilize the present invention to its fullest extent. The following preferred specific 

embodiments are, therefore, to be construed as merely illustrative, and not limitative of the remainder 
of the disclosure in any way whatsoever. 

The disclosures of all patents, applications and publications, mentioned above and below, in 
particular U.S. Ser. No. 60/147,986 and U.S. Ser. No. 60/160,807, are hereby expressly incorporated by 

35 reference. 
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EXAMPLES 

1. Construction of cDNA Libraries 

RNA was purchased from Clontcch or isolated from tissues described in Table 4. Some tissues 
were homogenized and lysed in guanidinium isoihiocyanaie, while others were homogenized and lysai in 

5 phenol or in a suitable mixture of denaturants, such as TRIZOL (Life Tectmologies), a monophasic 
solution of phenol and guanidinc isothitKyanatc. The resulUng lysates were ccntrifuged over CsCl 
cushions or extracted with cJilorofc^rm. RNA was precipitated from the lysates with either isopropanol 
or sodium acetate and ethanol, or by other routine methods. 

Phenol extraction and precipitation of RNA were repeated as necessary to increase RNA purity. 

10 In some cases, RNA was treated with DNase. For most libraries, poly(A+) RNA was isolated using 
oligo d(T)-coupled paramagnetic parUcles (Proniega), OLIGOTEX latex particles (QI AGEN, 
Chatswonh CA), or an OLIGOTEX mRNA purification kit (Ql AGEN). Alternatively, RNA was 
isolated directly from tissue lysates using other RNA isolation kits, e.g.. the POLY(A)PURE mRNA 
purilication kit (Ambion, Austin TX). 

15 In some cases, Stratagene was provided with RNA and constructed the corresponding cDNA 

libraries. Otherwise, cDNA was synthesized and cDNA libraries were constructed with the UNIZAP 
vector system (Stratagene) or SUPERSCRIPT plasmid system (Life Technologies), using the 
recommended procedures or similar methcxls known in the art. (Sec, e.g., Ausubel, 1997, supra, units 
5.1-6.6.) Reverse transcription was initiated using oligo d(T) or random primers. Synthetic 

20 oligonucleoUde adapters were ligated to double stranded cDNA, and the cDNA was digested with the 
appropriate restriction enzyme or enzymes. For most libraries, the cDNA was size-selected (300- UKX) 
bp) using SEPHACRYL SI 000, SEPH AROSE CL2B, or SEPH AROSE CL4B column chromatography 
(Amcrsham Pharmacia Biotech) or preparative agarose gel electrophoresis. cDNAs were ligated into 
compatible restriction enz.ymc sites of the polylinker of a suitable plasmid, e.g., PBLUESCRIPT plasmid 

25 (Stratagene), PSPORTl plasmid (Life Technologies), pcDNA2.1 plasmid (Invitrogen. Carlsbad CA), or 
pINCY plasmid (Incyte Genomics, Palo Alto C A). Recombinant plasmids were transformed into 
competent E. coU cells including XLl-Blue, XLl-BlueMRF, or SOLR from Stratagene or DH5a, 
DHIOB, or ElectroMAX DHIOB from Life Technologies. 
IL Isolation of cDN A Clones 

30 Plasmids obtained as described in Example 1 were recovered from host cells by in vivo excision 

using the UNIZAP vector system (Stratagene) or by cell lysis. Plasmids were purified usmg at least one 
of the following: a Magic or WIZARD Minipreps DNA purification system (Promega); an AGTC 
Miniprep purification kit (Edge Biosystenis, Gaithersburg MD); and QIAWELL 8 Plasmid, QIAWELL 
8 Plus Plasmid, QIAWELL 8 Ultra Plasmid purification systems or the R.E. A.L. PREP 96 plasmid 

35 purilication kit from QIAGEN. Following precipitation, plasmids were resuspcndcd in 0. 1 ml of distilled 
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water and stored, with or without lyophilizaiion, at 4°C. 

Alternatively, plasmid DNA was aniplilied from host cell lysates using direct hnk PCR in a 
high-tfiroughpul lormat (Rao, V.B. (1994) Anal. Biochem. 216:1-14). Host cell lysis and thermal 
cycling steps were carried out in a single reaction mixture. Samples were prcx:essed and stored in 384- 
5 well plates, and the concentration of aniplilied plasmid DNA was quantified tluoromctrically using 
PICOGREEN dye (Molecular Probes, Eugene OR) and a FLUOROSK.\N II Huorescence scanner 
(Labsystems Oy, Helsinki, Finland). 
11 L Sequencing and Analysis 

Jncyte cDNA recovered in plasmids as described in Example II were sequenced as follows. 

10 Sequencing reactions were processed using standard methods or high-throughput instrumentation such 
as the ABl CATALYST 800 (PE Biosystems) thermal cycler or the PTC-2()0 thermal cycler (MJ 
Research) in conjunction with the HYDRA microdispenser (Robbins Scientific) or the MICROLAB 
2200 (Hamilton) liquid transfer system. cDNA sequencing reactions were prepared using reagents 
provided by Amcrsham Pharmacia Biotech or supplied in ABI sequencing kits such as the ABI PRISM 

15 BIGDYE Terminator cycle sequencing ready reaction kit (PE Biosystems). Elcctrophorelic separation of 
cDNA sequencing reactions and dclccUon of labeled polynucleotides were carried out using the 
MEG AB ACE 1000 DNA sequencing system (Molecular Dynamics); the ABI PRISM 373 or 377 
sequencing system (PE Biosystems) in conjunction with standard ABI protocols and base calling 
software; or other sequence analysis systems known in the art. Reading Iramcs witliin the cDNA 

20 sequences were identified using standard methods (reviewed in Ausubel, 1997, supra , unit 7.7). Some of 
the cDNA sequences were selected for extension using the techniques disclosed in Example VI. 

The polynucleotide sequences derived from cDNA sequencing were assembled and analyzed 
using a combination of software programs which utilize algorithms well known to those skilled in the art. 
Table 5 summarizes the tools, programs, and algorithms used and provides applicable descTiptions, 

25 references, and threshold parameters. The first column of Table 5 shows the tcx)ls, programs, and 
algorilhias used, the second colunm provides brief descriptions thereof, the third column presents 
appropriate references, all of which are incorporated by reference herein in their entirety, and the fourth 
column presents, where applicable, the scores, probability values, and other parameters used to evaluate 
the strength of a match between two sequences (the higher the score, the greater the homology between 

30 two sequences). Sequences were analyzed using MACDNASIS PRO software (Hitachi Software 

Engineering, South San Francisco C A) and LASERGENE software (DNASTAR). PoiynucleoUde and 
polypeptide sequence alignments were generated using the default parameters specified by the clustal 
algorithm as incorporated into the MEGALIGN mullisequence alignment program (DNASTAR), which 
also calculates the percent identity between aligned sequences. 

35 The polynucleotide sequences were validated by removing vector, linker, and polyA sequences 
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and by masking ambiguous basas, using algorithms and programs based on BLAST, dynamic 
programing, and dinucleotide nearest neighbor analysis. The sequences were then queried against a 
selection of pubhc databases such as the GenBank primate, rtxlcnt, mammahan, vertebrate, and 
cukaryotc databases, and BLOCKS, PRINTS, DOMO, PRODOM, and PFAM to acquire annotation 
5 using programs based on BLAST, FASTA, and BLIMPS. The sequences were assembled into lull 
length polynucleotide se^juences using programs based on Phrcd, Phrap, and Consed, and were screened 
tor open reading frames using programs basal on GeneMark, BLAST, and FASTA. The full lengtli 
polynucleotide sequences were translated to derive the corresponding full length amino acid sequences, 
and these full length sequences were subsequently analyzed by querying against databases such as the 

10 GenBank databases (de^scribed above), SwissProt, BLOCKS, PRINTS, DOMO, PRODOM, Prositc, 
and Hidden Markov Model (HMM)-based protein family databases such as PFAM. HMM is a 
probabilistic approach wliich analyzes consensus primary structures of gene families. (See, e.g., Eddy, 
S.R. (1996) Curr. Opin. Su-uct. Biol. 6:361-365.) 

The programs described above for the assembly and analysis of full length polynucleotide and 

15 amino acid sequences were also used to identify polynucleotide sequence fragments from SEQ ID 
NO: 28-54. Fragments from about 20 to about 4000 nucleotides which are useful in hybridization and 
amplification technologies were described in The Invention section above. 
IV. Analysis of Polynucleotide Expression 

Northern analysis is a laboratory technique used to detect the presence of a transcript of a gene 

20 and involves tlie hybridization of a labeled nucleotide sequence to a membrane on which RNAs from a 
particular cell type or tissue have been bound. (See, c.g., Sambrook, supra , ch. 7; Ausubel, 1995, supra , 
ch- 4 and 16.) 

Analogous computer techniques applying BLAST were used to search for identical or related 
molecules in cDNA databases such as GenBank or LIFESEQ (Incyte Genomics). This analysis is much 
25 faster than multiple membrane-based hybridizations. In addition, the sensitivity of the computer search 
can be mcxlified to determine whether any particular match is categorized as exact or similar. The basis 
of the search is the product score, which is defined as: 

BLAST Score x Percent Identity 
5 X minimum {lenglh(Scq. 1), length(Seq. 2)} 

30 

Tlie product score lakes mio account both the degree of snnilariiy between two sequences and ihc length 
of the sequence match. The product score is a normalized value between 0 and 100, and is calculated as 
follows: the BLAST score is multiplied by the percent nucleotide identity and the prtxiuct is divided by 
(5 limes the length of the shorter of the two sequences). The BLAST score is calculated by assigning a 
35 score of +5 for every base that matches in a high-scoring segment pair (HSP), and -4 for every 
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mismatch. Two sequences may share more than one HSP (separated by gaps). If there is more than one 
HSP, then the pair with tiie highest BLAST score is used to calculate the product score. ^Fhe prcxiuct 
score represents a balance between fractional overlap and quahly m a BLAST ahgnment. For example, 
a product score of i 00 is prtxluced only for 1 00% identity over the entire length of the shorter of the two 

5 sequences bemg compared. A product score of 70 is produced either by 100% idenuty and 70% overlap 
at one end, or by 88% identity and 100% overlap at the other. A product score of 50 is prcxluced either 
by 100% identity and 50% overlap at one end, or 79% identity and 100% overlap. 

The results of northern analyses are reported as a percentage distribuUon of libraries in which 
Uie transcript encoding PPIM occurred. Analysis involved the categorization of cDN A libraries by 

10 organ/tissue and disease. The organ/tissue categories included cardiovascular , dermatologic, 
developmental, endocrine, gastrointestinal, hematopoietic/immune, musculoskeletal, nervous, 
reprcxiucUve, and urologic. The disease/condition categories included cancer, inflammation, trauma, cell 
proliferation, neurological, and pwled. l-or each category, the number of libraries expressing the 
sequence of interest was counted and divided by the total number of libraries across all categories. 

1 5 P^centage values of tissue-specific and disease- or condition-specific expression are reported in Table 3. 
V, Chromosomal Mapping of PPIM Encoding Polynucleotides 

The cDNA sequences which were used to assemble SEQ ID NO:28'54 were compared with 
sequences from the Incyte LIFESEQ database and public domain databases using BLAST and other 
implementations of the Smith- Waterman algoritlmi. Sequences from these databases that maichal SEQ 

20 ID NO:28-54 were assembled into clusters of contiguous and overlapping sequences using assembly 
algorithms such as Phrap (Table 5), Radiation hybrid and geneUc mapping data available from public 
resources such as the Stanford Human Genome Center (SHGC), Whitehead Institute for Genome 
Research (WTGR), and Genethon were used to determine if any of the clustered sequences had been 
previously mapped. Inclusion of a mapped sequence in a cluster resulted in the assignment of all 

25 sequences ol" that cluster, including its particular SEQ ID NO:, to that map kKation. 

The geneUc map locations of SEQ ID NO:30, SEQ ID NO:37, and SEQ ID NO:47 are 
described in The Invention as ranges, or intervals, of human chromosomes. The map position of an 
interval, in centiMorgans, is measured relative to the terminus of the chromosome's p-arm. (The 
ccnUMorgan (cM) is a unit of measurement based on recombinaUon frequencies between chromosomal 

30 markers. On average, 1 cM is roughly equivalent to 1 megabase (Mb) of DNA in humans, although this 
can vary widely due to hot and cold spots of recombination.) The cM distances are based on genetic 
markers mapped by G6n6thon which provide boundaries for radiation hybrid markers whose sequences 
were included in each of the clusters. A disease associated wiQi the public and Incyte sequences located 
within the indicated interval is also reported in the Invention. 
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VI. Extension of PPIM Encoding Polynucleotides 

Tlie full length nucleic acid sequences of SEQ ID NO:28-54 were prcxluced by extension of an 
appropriate fragment of the full length molecule using oligonucleotide primers designed from this 
fragment. One primer was synthesized to initiate 5' extension of the known fragment, and the other 
5 primer, lo initiate 3' extension of the known fragment. The initial primers were designed using OLIGO 
4.06 software (National Biosciences), or another appropriate program, to be about 22 to 30 nucleotides 
in length, to have a GC content of about 50% or more, and to anneal to the target sequence at 
temperatures of about 68 °C to about 72*'C. Any stretch of nucleotides which would result in hairpin 
structures and primer-primer dimcri/ations was avoided. 

1 0 Selected human cDN A libraries were used to extend the sequence, if more than one extension 

was necessary or desired, additional or nested sets of primers were designed. 

High lidelity amplification was obtained by PGR using methods well known in the art. PGR was 
performed in 96-well plates using the PTG-200 thermal cycler (MJ Research, Inc.). The reaction mix 
contained DNA template, 200 nmol of each primer, reaction buller containing Mg^^, (NHJ^SO^, and P- 

15 mercaptoethanol, Taq DNA polymerase (Amersham Pharmacia Biotech), ELONGASE enzyme (Life 
Technologies), and Pfu DNA polymerase (Stratagene), with the following parameters for primer pair 
PCI A and PCI B: Step 1: 94°C, 3 min; Step 2: 94°C, 15 sec; Step 3: 60°C, 1 min; Step 4: 2 
inin; Step 5: Steps 2, 3, and 4 repeated 20 times; Step 6: 68°C, 5 min; Step 7: storage at 4°C. In the 
alternative, the parameters for primer pair T7 and SK-f were as follows: Step 1: 94''G, 3 min; Step 2: 

20 94°C, 15 sec; Step 3: 57 °G, I min; Step 4: 68 °C, 2 min; Step 5: Steps 2, 3, and 4 repeated 20 Umes; 
Step 6: 68 °C, 5 min; Step 7: storage at 4°C. 

The concentration of DNA in each well was determined by dispensing 100 |nl PICOGREEN 
quanUtation reagent (0.25% (v/v) PICOGREEN; Molecular Probes, Eugene OR) dissolved in IX TE 
and 0.5 pi of undiluted PGR product into each well of an opaque iluorimeter plate (Corning Costar, 

25 Acton MA), allowing the DNA to bind to the reagent. The plate was scanned in a Huoroskan II 
(Labsyslems Oy, Helsinki, Finland) to measure the fluorescence of the sample and to quantify the 
concentration of DNA. A 5 /^l to 10 /il aliquot of the reaction inixmre was analyzed by electrophoresis 
on a 1 % agarose mini-gel to determine which reactions were successful in extending the sequence. 

The extended nucleotides were desalted and concentrated, transferrai to 384-well plates, digested 

30 with GviJI cholera virus endonuclcase (Molecular Biology Research, Madison Wl), and sonicated or 
sheared prior to religation into pUC 18 vector (Amersham Pharmacia Biotech). For shotgun sequencing, 
the digested nucleotides were separated on low concentration (0.6 to 0.8%) agarose gels, fragments were 
excised, and agar digested with Agar AGE (Promega). Extended clones were religated using T4 ligase 
(New England Biolabs, Beverly MA) into pUC 18 vector (Amersham Pharmacia Biotech), treated with 

35 Pfu DNA polymerase (Stratagene) to fill-in restriction site overhangs, and transfected into competent E, 
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coli cells. Transformed cells were selected on anlibioUc-conlaining media, and individual colomes were 
picked and cultured overnight at 37 °C in 384- well platen in LB/2x carb liquid media. 

The cells were lysed, and DNA was amphlied by PCR using Taq DN A polymerase (Amersham 
Pharmacia Biotech) and Plu DNA polymerase (Slratagene) with the following parameters: Step 1: 94°C, 

5 3 min; Step 2: 15 sec; Step 3: 60°C, 1 min; Step 4: 72X, 2 min; Step 5: steps 2, 3, ami 4 

repeated 29 times; Step 6: 72°C, 5 nun; Step 7: storage at 4X. DNA was quantified by PICOGREEN 
reagent (Molecular Probes) as described above. Samples with low DNA recoveries were reamplified 
using the same conditions as described above. Samples were diluted with 20% dimethysul fox ide (1:2, 
v/v), and sequenced using DYENAMIC energy transfer sequencing primers and the DYENAMIC 

10 DIRECT kit (Amersham Pharmacia Biotech) or the ABl PRISM BIGDYE Terminator cycle sequencing 
ready reaction kit (PE Biosyslems). 

In like manner, the polynuclauide sequences of SEQ ID NO:28-54 are used to obtain 5^ 
regulatory sequences using the procedure above, along with oligonucleotides designed for such extension, 
and an appropriate genomic library. 

15 Vll. Labeling and Use oflndividual Hybridi/^tion Probes 

Hybridization probes derived from SEQ ID NO:28-54 are employed to screen cDNAs, genomic 
DNAs, or mRN As. Although the labeling of oligonucleoUdes, consisUng of about 20 base pairs, is 
specifically described, essentially the same pr(x:edurc is used with larger nucleotide fragments. 
Oligonuclecuides are designed using state-of-the-art software such as OLIGO 4.06 software (National 

20 Biosciences) and labeled by combining 50 pmol of each oligomer, 250 /^Ci of [y-^^P] adenosine 

triphosphate (Amersham Pharmacia Biotech), and T4 polynucleotide kinase (DuPont NEN, Boston MA). 
The labeled oligonucleotides are substantially purified using a SEPHADEX G-25 superfine size 
exclusion dextran bead column (Amersham Pharmacia Biotech). An aliquot containing 10^ counts per 
minute of the labeled probe is used in a typical membrane-based hybridizafion analysis of human 

25 genomic DNA digested with one of the following cndonucleases: Ase I, Bgl il, Eco Rl, Psl I, Xba 1, or 
Pvu II (DuPont NEN). 

The DNA from each digest is fracUonated on a 0.7% agarose gel and transferred to nylon 
membranes (Nytran Plus, Schleicher & Schuell, Durham NH). Hybridizafion is carried out for 16 hours 
at 40X. To remove nonspecific signals, blots are sequentially washed at room temperature under 

30 condifions of up to, for example, 0. 1 x saline sodium citrate and 0.5% sodium dodecyl sulfate. 
Hybridizafion patterns arc visualized using autoradiography or an alternafive imaging means and 
compared. 

VIII. Microarrays 

The linkage or synthesis of array elements upon a microarray can be achieved ufilizing 
35 photolithography, piezoelectric printing (ink-jet prinfing. See, e.g., Baldeschweiler, supra), mechanical 
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inicrospotling technologies, and derivaUves thereof. The substrate in each of the atbrementioned 
technologies should be uniform and sohd with a non porous surface (Schena (1999), supra ). Suggested 
substrates include silicon, silica, glass slides, glass chips, and silicon wafers. Alternatively, a procedure 
analogous to a dot or slot blot may also be used to arrange and link elemenis to the surface of a substrate 

5 using thermal, UV, chemical, or mechanical bonding pr(x:a1urcs. A typical array may be prcxJuccd using 
available methods and machines well known to those of ordinary skill in the art and may contain any 
appropriate number of elements. (See, e.g., Schena, M. et al. (1995) Science 270:467-470; Shalon, D. et 
al. (1996) Genome Res. 6:639-645; Marshall, A. and J. Hodgson (1998) Nat. Biotcclinol. 16:27-31.) 
Full length cDNAs, Expressed Sequence Tags (ESTs), or fragments or oligomers thereof may 

10 comprise the elements of the microarray. Fragments or oligomers suitable for hybridization can be 
selected using software well known in the art such as LASERGENE software (DNASTAR). Tlie array 
elements arc hybridized with polynuclwtidcs in a biological sample. The polynucleotides in the 
biological sample are conjugated to a fluorescent label or other molecular tag for ease of detection. Alter 
hybridization, nonliybridized nucleotides from the biological sample are removed, and a fluorescence 

15 scanner is used to detect hybridization at each array element. Alternatively, laser desorbtion and mass 
spectrometry may be used for detection of hybridization. The degree of complementarity and the relative 
abundance of each polynucleotide which hybridizes to an element on the microarray may be assessed. In 
one cmbtxlimcnt, microarray preparation and usage is described in detail below. 
Tissue or Cell Sample Preparation 

20 Total RNA is isolated from tissue samples using the guanidinium tliiocyanate methcxl and 

poly(A)* RNA is purified using the oligo-(dTi cellulose method. Each poly(A)^ RNA sample is 
reverse transcribed using MMLV reverse-transcriptase, 0.05 pg/|jl oligo-(dT) primer (21mer), IX first 
strand buffer, 0.03 units/Ml RNase inhibitor, 500 mM dATP, 500 \M dGTP, 500 dTTP, 40 ^iM 
dCTP, 40 dCTP-Cy3 (BDS) or dCTP-Cy5 ( Amersham Pharmacia Biotech). The reverse 

25 transcription reaction is performed in a 25 ml volume containing 200 ng poly(A)^ RNA with 

GEMBRIGHT kits (Incyle). Specific control poly(A)* RNAs are synthesized by in vitro transcripUon 
from non-coding yeast genomic DNA, After incubation at 37 "C for 2 hr, each reacUon sample (one 
with Cy3 and another with Cy5 labeling) is treated with 2.5 ml of ().5M sodium hydroxide and 
incubated for 20 minutes at 85 °C to the stop the reaction and degrade the RNA. Samples are purified 

30 using two successive CHROMA SPIN 30 gel filtration spin columns (CLONTECH Laboratories, Inc. 
(CLONTECH;, Palo Alio CA; and alter combimng, both reacUon saniplcs are clhanul precipitated 
using 1 ml of glycogen (1 mg/ml), 60 ml sodium acetate, and 300 ml of 100% ethanol. The sample is 
then dried to completion using a SpeedVAC (Savant Instruments Inc., Holbrook NY) and resuspemled 
in 14 Ml 5X SSC/0.2% SDS. 

35 Microarray Preparation 
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Sequences oi Ihe present invention are used to generate array elements. Each array element is 
amplified from bacterial cells containing vectors with cloned cDNA inserts. PCR amplification uses 
primers complementary to the vector sequences flanking tiie cDNA insert. Array elements are 
amplified in thirty cycles of PCR from an initial quantity of 1-2 ng to a final quantity greater than 5 ^g. 
5 Amplified array elements are then purified using SEPHACRYL 40() (Amersham Pharmacia Biotech). 
Purified array elements are immobilizxd on polymer-coaled glass slides. Glass microscope 
slides (Corning) arc cleaned by ultrasound in 0.1% SDS and acetone, with extensive distilled water 
washes between and after treatments. Glass slides itre etched in 4% hydrolluoric acid (VWR Scientific 
Products Corporation (VWR), West Chester PA), washed extensively in distilled water, and coated 

10 with 0.05% aminopropyl silane (Sigma) in 95% ethanol. Coated slides are cured in a 1 lOT oven. 

Array elements are applied to the coated glass substrate using a procedure described in US 
Patent No. 5,807,522, incorporated herein by reference. 1 |il of the array element DNA, at an average 
concentration of 100 ng/|il, is loaded into the open capillary printing element by a high-speed robotic 
apparatus. The apparatus then deposits about 5 nl of array element sample per slide. 

15 Microarrays are UV-crosslinked using a STRATALINKER UV-crosslinker (Straiagene). 

Microarrays are washed at room temperature once in 0.2% SDS and three times in distilled water. 
Non-specific binding sites are blocked by incubation of microarrays in 0.2% casein in phosphate 
buffered saline (PBS) (Tropix, Inc., Bedford MA) for 30 minutes at 60 ^'C followed by washes in 0.2% 
SDS and distilled water as before. 

20 Hybridization 

Hybridization reactions contain 9 pi of sample mixture consisting of 0.2 each of Cy3 and 
Cy5 labeled cDNA synthesis products in 5X SSC, 0.2% SDS hybridization buffer, ^fhe sample 
mixture is heated to 65 °C for 5 minutes and is aliquoted onto the microarray surface and covered with 
an 1 .8 cm^ coverslip. The arrays are transferred to a waterproof chamber having a cavity just slightly 
25 larger than a microscope slide. The chamber is kept at 100% humidity internally by the addition of 
140 fil of 5X SSC in a comer of the chamber. The chamber containing the arrays is incubated for 
about 6.5 hours at 60X. The arrays are washed [or 10 min at 45X in a first wash buffer (IX SSC, 
0.1% SDS), three times for 10 minutes each at 45 °C in a second wash buffer (O.IX SSC), and dried. 
Detection 

30 Reporter-labeled hybridization complexes are detected with a microscope equipped with an 

Innova 70 mixed eas 10 W laser CCoherent. Inc., Santa Clara CA) capable of generating spectral lines 
at 488 nm for excitation of Cy3 and at 632 nin for excitation of Cy5. The excitation laser light is 
focused on the array using a 20X microscope objective (Nikon, Inc., Melville NY). The slide 
containing the array is placed on a computer-controlled X-Y stage on the microscope and raster- 

35 scanned past the objective. The 1 .8 cm x 1 .8 cm array used in the present example is scanned with a 
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resolution of 20 micrometers. 

In two separate scans, a mixed gas multiline laser excites tlie two tluorophores sequenually. 
Emitted light is split, based on wavelength, into two photomultiplicr tube detectors (PMT R1477, 
Hamamatsu Photonics Systems, Bridgewater NJ) corresponding to the two tluorophores. Appropriate 
5 filters positioned between the array and the photomultiplicr lubes are used to filter the signals. The 
emission maxima of the tluorophores used arc 565 nm for Cy3 and 650 nm for Cy5. Each array is 
typically scanned twice, one scan per fluorophore using the appropriate filters at the laser source, 
although the apparatus is capable of recording the spectra from both tluorophores simultaneously. 
The sensiUvity of the scans is typically calibrated using the signal intensity generated by a 
10 cDN A control species added to the sample mixture at a known concentraUon. A specific location on 
the array contains a complementary DN A sequence, allowing the intensity of the signal at that location 
to be correlated with a weight raUo of hybridizing species of 1 : 100,000. When two samples from 
different sources (e.g., represenUng test and conu-ol cells), each labeled with a different fluorophore, 
are hybridized to a single array for llie purpose of idenUfying genes that are differentially expressed, 
15 the calibration is done by labeling samples of the calibrating cDNA with the two fluorophores and 
adding identical amounts of each to the hybridization mixture. 

Tlie output of the photomultiplier tube is digitized using a 12-bit RTI-835H analog-to-digital 
(A/D) conversion board (Analog Devices, Inc., Norwocxi MA) installed in an IBM-compatible PC 
computer. The digitized data are displayed as an image where the signal intensity is mapped using a 
20 linear 20-color transformation to a pseudocolor scale ranging from blue (low signal) to red (liigh 
signal). The data is also analyzed quanUtaUvely. Where two different fluorophores are excited and 
measured simultaneously, the data are flrst corrected for opUcal crosstalk (due to overlapping emission 
spectra) between the fluorophores using each fluorophore's emission spectrum. 

A grid is superimposed over the fluorescence signal image such that the signal from each spot 
25 is centered in each clement of the grid. The fluorescence signal within each element is then integrated 
to obtain a numerical value corresponding to the average intensity of the signal. The software used for 
signal analysis is the GEMTOOLS gene expression analysis program (Incyte). 
IX. Complementary Polynucleotides 

Sequences complementary to the PPIM-encoding sequences, or any parts thereof, arc used to 
30 detect, deacase, or inhibit expression of naturally occurring PPIM. Although use of oligonucleoUdes 
comprising from about 1 5 to 30 base pairs is descTibed. essentially the same procedure is used with 
smaller or with larger sequence fragments. Appropriate oligonucleotides are designed using OLIGO 
4.06 software (National Biosciences) and the coding sequence of PPIM. To inhibit transcription, a 
complementary oligonucleoUde is designed from the most unique 5' sequence and used to prevent 
35 promoter binding to the coding sequence. To inhibit translation, a complementary oligonucleotide is 
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designed lo prevent ribosonial binding to the PPIM-encoding transcript. 

X. Expression of PPIM 

Expression and purification of PPIM is achieved using bacterial or virus-based expression 
systems. For expression of PPIM in bacteria, cDNA is subcloned into an appropriate vector containing 
5 an anUbiotJC resistance gene and an inducible promoter that directs high levels of cDNA Uanscriplion. 
Examples of such promoters include, but are not hmited to, the trp-iac (tac) hybrid promoter and the T5 
or T7 bacteriophage promoter in conjunction with the lac operator regulatory element. Recombinant 
vectors are transformed into suitable bacterial hosts, e.g., BL2 I(DE3). Antibiotic resistant bacteria 
express PPIM upon induction with isopropyl beta-D-thiogalactopyranoside (IPTG). Expression of 

10 PPIM in eukaryotic cells is achieved by inlecting insect or mammalian cell lines with recombinant 

Auto^raphica californica nuclear polyhedrosis virus (AcMNPV), commonly known as baculovirus. The 
nonessential polyhedrin gene of baculovirus is replaced with cDNA encoding PPIM by either 
homologous recombination or bacterial-mediated transposition involving transfer plasmid intermediates. 
Viral infecUvity is maintained and the strong polyhedrin promoter drives high levels of cDNA 

15 transcription. Recombinant baculovirus is used to inlect Sp(xioptera frugiperda {Si9) insect cells in most 
cases, or human hepatocytes, in some cases. Infection of the latter requires additional genetic 
modifications to baculovirus. (See Engelhard, E.K. et al. (1994) Pr(x:. Natl. Acad. Sci. USA 91:3224- 
3227; Sandig, V. el al. (1996) Hum. Gene Ther. 7:1937-1945.) 

In most expression systems, PPIM is synthesized as a fusion protein with, e.g., glutathione S- 

20 transferase ( GST) or a peptide epitope tag, such as FLAG or 6-His, permitting rapid, single-step, 

affinity-based purification of recombinant fusion protein from crude cell lysates. GST, a 26-kilodallon 
enzyme from Schistosoma iaponicum , enables the purification of fusion proteins on immobilized 
glutathione under conditions that maintain protein activity and antigenicity (Amersham Pharmacia 
Biotech). Following purification, the GST moiety can be proteolytically cleaved from PPIM at 

25 specifically engineered sites. FLAG, an 8-amino acid peptide, enables immunoaftlnity purificaUon using 
commercially available monoclonal and polyclonal anti-FLAG antibcxiies (Eastman Kcxlak). 6-His, a 
stretch of six consecutive histidine residues, enables puritication on metal-chelate resins (QI AGEN). 
Methods for protein expression and purification are discussed in Ausubel (1995, supra , ch. 10 and 16). 
Purified PPIM obtained by these methods can be used directly in the assays shown in Examples XI and 

30 XV. 

XI. Demoastration of PPIM Activity 

Protease activity of PPIM is measured by the hydrolysis of appropriate synthetic peptide 
substrates conjugated with various chromogenic molecules. The degree of hydrolysis is quantified by 
spectrophotomelric (or fluoroinetric) absorption of the released chromophorc (Beynon, R.J. and J.S. 
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Bond (1994) Proteolytic En/ymes: A Practical Approach , Oxford University Press, New York NY, 
pp.25-55). Peptide substrates are designed according to the category ot protease activity as 
endopcplidase (serine, cysteine, asparuc proteases), animopeptidase (leucine aminopeptidase), or 
carboxypepUdase (Carboxypeptidase A and B, procollagen C-proieinase). Chromogens commonly used 

5 arc 2-naphthylamine, 4-nitroaniline, and turylacrylic acid. Assays are performed at ambient temperature 
using an aliquot of PPIM and the appropriate substrate in a suitable buffer. Reactions are carried out in 
an optical cuvette and followed by the measurement of increase/decrease in absorbance of the chroinogen 
released during hydrolysis of Uie peptide substrate. Tlic change in absorbance is proportional to PPIM 
activity in the assay. 

10 XIL Functional Assays 

PPIM function is assessed by expressing the sequences encaiing PPIM at physiologically 
elevated levels in manunalian cell culture systems. cDNA is subcloned into a mammalian expression 
vector containing a strong promoter that drives high levels of cDN A expression. Vectors of choice 
include pCMV SPORT plasniid (Life Tcclinologies) and pCR3.1 plasmid (Invitrogen), both of which 

15 contain the cytomegalovirus promoter. 5-10 Mg of recombinant vector are transiently iiansfected into a 
human cell line, for example, an endothelial or hematopoietic cell line, using either liposome formulations 
or eleclroporation. 1-2 fug of an additional plasmid containing sequences encoding a marker protein are 
co-traasfecled. Expression of a marker protein provides a means to distinguish transfected cells from 
nontransfecled cells and is a reliable predictor of cDNA expression from the recombinant vector. 

20 Marker proleias of choice include, e.g., Green Fluorescent Protein (GFP; Clontech), CD64, or a CD64- 
GFP fusion protein. Flow cytometry (FCM), an automated, laser opUcs-based technique, is used to 
idenUfy transfected cells expressing GFP or CD64-GFP and to evaluate the apoptotic state of the cells 
and other cellular properties. FCM detects and quantifies the uptake of lluorescent molecules that 
diagnose events preceding or coincident with cell death. These events include changes in nuclear DNA 

25 content as measured by staining of DNA with propidium iodide; changes in cell size and granularity as 
measured by forward light scatter and 90 degree side light scatter; down-regulation of DNA synthesis as 
measured by decrease in bromodeoxyuridine uptake; alterations in expression of cell surface and 
intracellular proteins as measured by reactivity with specific antibcxlies; and alterations in plasma 
membrane composition as measured by the binding of lluorescein-conjugated Annexin V protein to the 

30 cell surface. Methods in flow cytometry are discussed in Ormcrcxl, M.G. (1994) Flow Cytometry, 
Oxford, New York NY. 

The influence of PPIM on gene expression can be assessed using highly purified populaUoas of 
cells transfected with sequences encoding PPIM and either CD64 or CD64-GFP, CD64 and CD64.GFP 
are expressed on the surface of Iraasfected cells and bind to conserved regions of human immunoglobulin 
35 G (IgG). Transfected cells are efficiently separated from nontransfected cells using magnetic beads 
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coated with either human IgG or anUbcxly agaansl CD64 (DYNAL, Lake Success NY). mRNA can be 
purified from the cells using methods well known by those of skill in the art. Expression of mRNA 
encoding PPIM and other genes of interest can be analyzed by northern analysis or micToarray 
techniques. 

5 XIIl. Production of PPIM Specific Antibodies 

PPIM substantially purified using polyacrylamide gel electrophoresis (PAGE; see, e.g., 
Harrington, M.G. (1990) Methods Eiwymol. 182:488-495), or other puritication techniques, is used to 
immunize rabbits and to produce antibodies using standard protocols. 

Alternatively, the PPIM amino acid sequence is analyzed using LASERGENE software 

10 (DNASTAR) to determine regions ol high immunogcnicily, and a corresponding oligopeptide is 
synthesized and used to raise antibcxiies by means known to those of skill in the art. Methods for 
selection of appropriate epitopes, such as those near the C-terminus or in hydrophilic regions are well 
described in the art. (See, e.g., Ausubel, 1995, supra , ch. 1 1 .) 

Typically, oligopeptides of about 15 residues in length are synthesized using an ABI 431 A 

15 peptide synthesizer (PE Biosystems) using FMOC chemistry and coupled to KLH (Sigma- Aldrich, St. 
Louis MO) by reaction with N-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) to incTcase 
inimunogcnicity. (See, e.g., Ausubel, 1995, supra .) Rabbits are immunized with the oligopeptide-KLH 
complex in complete Freund's adjuvant. Resulting anlisera are tested for antipeptide and anti-PPIM 
activity by, for example, binding the peptide or PPIM to a substrate, blocking with \% BSA, reacting 

20 with rabbit antiscra, washing, and reacting with radio-iodinatcd goat anti-rabbit IgG. 

XIV. Purification of Naturally Occurring FPIM Using Specific Antibodies 
Naturally occurring or recombinant PPIM is substantially purifietl by immunoaffinity 

chromatography using antibodies specific for PPIM. An immunoaffinity column is constructed by 
covalently coupling anti-PPIM antibody to an activated chromatographic resin, such as CNBr-activatcd 

25 SEPH AROSE ( Amersham Pharmacia Biotech). After the coupling, the resin is blocked and washed 
according to the manufacturer's instructions. 

Media containing PPIM are passed over the immunoaffinity column, and the column is washed 
under conditions that allow the preferential absorbance of PPIM (e.g., high ionic strength buffers in the 
presence of detergent). The column is cluted under conditions that disrupt anUbody/PPlM binding (e.g., 

30 a buffo of pH 2 to pH 3, or a high concentration of a chaolropc, such as urea or thiocyanatc ion), and 
PPIM is collected. 

XV. Identification of Molecules Which Interact with PPIM 

PPIM, or biologically active fragments thereof, are labeled with ^"l Bolton-Hunter reagent. 
(See, e.g., Bolton A.E. and W.M. Hunter (1973) Biochcm. J. 1 33:529-539.) Candidate molecules 
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previously arrayed in the wells of a mulii-well plate are incubated with the labeled PPIM, washed, and 
any wells with labeled PPIM complex are assayed. Data obtained using dittereni concentraUons of 
PPIM are used to calculate values lor the number, affinity, and association of PPIM with the candidate 
molecules. 

5 Alternatively, molecules interacting with PPIM are analyzed using the yeast two-hybnd system 

as described in Fields, S. and O. Song (1989, Nature 340:245-246), or using commercially available 
kits based on the two-hybrid system, such as the MATCHMAKER system (Clontech). 

PPIM may also be used in the PATHCALLING process (CuraGcn Corp., New Haven CT) 
which employs the yeast two-hybrid system in a high-throughput manner to determine all interacUoas 

U) between the proteins encoded by two large libraries of genes (Nandabalan, K. et al. (2000) U.S. Patent 
No. 6,057,101). 

Various mcxJilications and variations of the described methcxls and systems of the invention will 
be apparent to tliose skilled in the art without departing from the scope and spirit of the invcnUon. 
15 Although the invention has been described in connecuon with certain embcxliments, it should be 
understood that the invention as claimed should not be unduly limited to such specific embodiments, 
hideed, various modifications of the descTibed modes for carrying out the invention wtiich are obvious to 
those skilled in molecular biology or related fields are intended to be within the scope of the following 
claims. 
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What is claimed is: 

1 An isolated polypeplide comprising an amino acid sequence selected from the group 
consisting of: 

5 a) an amino acid sequence selected trom the group consisUng ol SEQ ID NO: 1 , SEQ ID 

N0:2. SEQ ID N0:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID N0:6, SEQ ID NO:7, SEQ ID NO:8, 
SEQ ID NO 9, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 1 2, SEQ ID NO: 14, SEQ ID NO: 15, 
SEQ ID NO:16, SEQ ID N0:17, SEQ ID N0:18, SEQ ID N0:I9, SEQ ID NO:20, SEQ ID N0:21, 
SEQ ID N0:22, SEQ ID NO:23. SEQ ID NO:24, SEQ ID N0:25, SEQ ID N0:26, and SEQ ID 

10 NO:27, 

b) a naturally occurring amino acid sequence having at least 90% sequence identity to an 
amino acid sequence selected from the group consisUng of SEQ ID NO: 1 , SEQ ID NO:2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID N0:5, SEQ ID N0:6, SEQ ID N0:7, SEQ ID NO:8, SEQ ID NO:9, 
SEQ ID NO:10, SEQ ID NO:1 1, SEQ ID NO: 12. SEQ ID N0:I4, SEQ ID NO;15, SEQ ID NO:16, 

15 SEQ ID N0:17, SEQ ID NO:18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:2l, SEQ ID NO:22, 
SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26. and SEQ ID NO:27, 

c) a biologically active fragment of an amino acid sequence selected from the group consisUng 
of SEQ ID NO: 1 , SEQ ID N0:2, SEQ ID N0:3. SEQ ID N0:4, SEQ ID N0:5, SEQ ID N0:6, SEQ ID 
N0:7, SEQ ID N0:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID N0:1 1 . SEQ ID N0:12, SEQ ID 

20 N0:14, SEQ ID N0:15, SEQ ID N0:16, SEQ ID N0:17, SEQ IDN0:18. SEQ ID N0:19. SEQ ID 
NO:20, SEQ ID N0:21 , SEQ ID NO:22, SEQ ID NO:23. SEQ ID N0:24, SEQ ID NO:25, SEQ ID 
NO:26, and SEQ ID NO:27, and 

d) an immunogenic fragment of an amino acid sequence selected from the group consisting of 
SEQ ID N0:1, SEQ ID N0:2, SEQ ID N0:3, SEQ ID N0:4. SEQ ID N0:5. SEQ ID NO:6, SEQ ID 

25 N0:7, SEQ ID N0:8, SEQ ID NO:9, SEQ ID NO: 10. SEQ ID NO: 1 1 , SEQ ID NO: 1 2, SEQ ID 
NO: 14. SEQ ID NO: 15, SEQ ID N0:16, SEQ ID NO;17, SEQ ID NO:18, SEQ ID N0:19. SEQ ID 
NO:20, SEQ ID N0:2I, SEQ ID N0:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID 
NO:26, and SEQ ID NO:27. 

30 2. An isolated polypeptide of claim 1 selected from the group consisting of SEQ ID NO: 1 , 

SEQ ID N0:2. SEQ ID N0:3, SEQ ID N0:4. SEQ ID N0:5, SEQ ID N0:6, SEQ ID N0:7. SEQ ID 
N0:8, SEQ ID N0:9, SEQ ID NO:10, SEQ ID N0:1 1, SEQ ID NO:12. SEQ ID N0:14, SEQ ID 
NO: 15, SEQ ID NO:16, SEQ ID NO:17. SEQ ID N0:18. SEQ ID N0:19, SEQ ID NO:20. SEQ ID 
N0:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, and SEQ 

35 IDNO:27. 
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3. An isolated polynucleotide encoding a polypeptide ot claim 1. 

4. An isolated polynucleotide encoding a polypeptide of claim 2. 

5 5. An isolated polynuclcoUde ol claim 4 selected Irom the group consisting of SEQ ID 

NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32. SEQ ID NO:33. SEQ ID 
NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID 
N0:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID 
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ I D NO:5 1 , SEQ ID NO:52, SEQ ID 

10 NO:53,andSEQIDNO:54. 

6. A recombinant polynucIeoUde comprising a promoter sequence operably linked to a 
polynucleotide of claim 3. 

15 1, A cell transformed wilh a recombinant polynucleotide of claim 6. 

8. A transgenic organism comprising a recombinant polynucleotide of claim 6. 

9. A method for producing a polypeptide of claim 1 , the method comprising: 

20 a) culturing a cell under conditions suitable for expression of the polypeptide, wherein said 

cell is transformed with a recombinant polynucleotide, and said recombinant polynucleotide comprises 
a promoter sequence operably linked to a polynucleotide encoding the polypeptide of claim I, and 
b) recovering the polypeptide so expressed. 

25 10. An isolated antibody which specifically binds to a polypeptide of claim 1. 

11 . An isolated polynucleotide comprising a polynucleotide sequence selected from the group 
consisting of: 

a) a polynucleotide sequence selected from the group consisting ol SEQ ID NO:28, SEQ ID 
30 NO:29, SEQ ID NO:30, SEQ ID N0:31. SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID 
NO: 35, SEQ ID NO:36, SEQ ID NO:37. SEQ ID NO:38, SEQ ID NO:39, SEQ ID N0:41, SEQ ID 
NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID 
NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID N0:51, SEQ ID NO:52, SEQ ID NO:53, and SEQ 
ID NO:54, 

35 b) a naturally (x:curring polynucleotide sequence having at least 70% sequence identity to a 
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polynucleotide sequence selected from Uie group consisting of SEQ ID NO:28, SEQ ID NO:29, SEQ 
ID NO:30, SEQ ID N0:3 1 , SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID 
NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID N0:4I , SEQ ID NO:42, SEQ ID 
NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID 
5 NO:49, SEQ ID NO:50, SEQ ID N0:5 1 , SEQ ID NO:52, SEQ ID NO:53, and SEQ ID NO:54, 

c) a polynucleotide sequence complementary to a), 

d) a polynucleotide sequence complementary to b), and 

e) an RNA equivalent of a)-d). 

10 1 2, An isolated polynucleotide comprising at least 60 contiguous nucleotides of a 

polynucleotide of claim 11 . 

1 3. A method for detecting a target polynucleotide in a sample, said target polynucleotide 
having a sequence of a polynucleotide of claim 1 1 , the method comprising: 

15 a) hybridizing the sample with a probe comprising at least 20 contiguous nucleotides 

comprising a sequence complementary to said target polynucleotide in tJie sample, and which probe 
specifically hybridizes to said target polynucleotide, under conditions whereby a hybridization 
complex is formed between said probe and said target polynucleotide or fragments thereof, and 

b) detecting the presence or absence of said hybridization complex, and, optionally, if present, 

20 the amount thereof. 

14. A method of claim 1 3, wherein the probe comprises at least 60 contiguous nucleotides. 

15. A method for detecting a target polynucleotide in a sample, said target polynucleotide 
25 having a sequence of a polynucleotide of claim 11, the method comprising: 

a) amplifying said target polynucleotide or fragment thereof using polymerase chain reaction 
amplification, and 

b) detecting the presence or absence of said amplified target polynucleotide or fragment 
thereof, and, optionally, if present, the amount thereof. 

30 

1 6. A composition comprising an effective amount of a polypeptide of claim 1 and a 
pharmaceutically acceptable excipient. 

17. A composition of claim 16, wherein the polypeptide comprises an amino acid sequence 
35 selected from the group consisting of SEQ ID NO: 1 , SEQ ID N0:2. SEQ ID N0:3, SEQ ID NO:4, 
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SEQ ID N0:5, SEQ ID N0:6, SEQ ID NO:7, SEQ ID N0:8, SEQ ID NO;9, SEQ ID NO:10, SEQ ID 
NO:) !, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 1 7, SEQ ID 
NO: 18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID N0:21 , SEQ ID NO:22, SEQ ID NO:23, SEQ ID 
NO:24, SEQ ID NO:25, SEQ ID NO:26, and SEQ ID NO:27. 

5 

1 8. A method for treating a disea.se or condition associated with decreased expression of 
functional PPIM, comprising administering to a patient in need of such treatment the composition of 
claim 16. 

10 19. A method for screening a compound for effectiveness as an agonist of a polypeptide of 

claim I, the method comprising: 

a) exposing a sample comprising a polypeptide of claim 1 to a compound, and 

b) delecting agonist activity in the sample. 

1 5 20. A composition comprising an agonist compound idenlificd by a method of claim 1 9 and a 

pharmaceutical ly acceptable excipienl. 

2 1 . A method for U-eating a disease or condition associated with decreased expression of 
functional PPIM, comprising administering to a patient in need of such treatment a composition of 

20 claim 20. 

22. A method for screening a compound for effectiveness as an antagonist of a polypeptide of 
claim 1, the method comprising: 

a) exposing a sample comprising a polypeptide of claim 1 to a compound, and 
25 b) detecting antagonist activity in the sample. 

23. A composition comprising an antagonist compound identified by a mcth(xl of claim 22 
and a pharmaceutically acceptable excipient. 

30 24. A method for treating a disease or condition associated with overexpression of functional 

PPIM, comprising administering to a patient in need of such treatment a composition of claim 23. 

25. A method of screening for a compound that specifically binds to the polypepUdc of claim 
1 , said method comprising the steps of: 
35 a) combining the polypeptide of claim 1 with at least one test c(^mpound under suitable 
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conditions, and 

b) detecting binding of the polypeptide of claim I to the test compound, thereby identifying a 
compound that specifically binds to the polypeptide of claim 1 . 

5 26. A method of screening for a compound that modulates the activity of the polypepUde of 

claim I, said method comprising: 

a) combining the polypeptide of claim I with at least one test compound under conditions 
permissive for the activity of the polypeptide of claim 1 , 

b) assessing the activity of the polypeptide of claim 1 in the presence of the test compound, 

10 and 

c) comparing the activity of the polypeptide of claim 1 in the presence of the test compound 
with the activity of the polypeptide of claim 1 in the absence of the test compound, wherein a change 
in the activity of the polypeptide of claim 1 in the presence of the test compound is indicative of a 
compound that modulates the activity of the polypeptide of claim 1. 

15 

27. A method for screening a compound for effeaiveness in altering expression of a target 
polynucleotide, wherein said target polynucleotide comprises a sequence of claim 5, the method 
comprising: 

a) exposing a sample comprising the target polynucleotide to a compound, and 
20 b) detecting altered expression of the target polynucleotide. 

28. A method for assessing toxicity of a test compound, said method comprising: 
a.) treating a biological sample containing nucleic acids with the test compound; 

b) hybridizing the nucleic acids of the treated biological sample with a probe comprising at 
25 least 20 contiguous nucleotides of a polynucleotide of claim 1 1 under conditions whereby a specific 

hybridization complex is formed between said probe and a target polynucleotide in the biological 
sample, said target polynucleoude comprising a polynucleotide sequence of a polynucleoUde of claim 
1 1 or fragment thereof; 

c) quantifying the amount of hybridization complex; and 

30 d) comparing the amount of hybridi^ation complex in the treated biological sample with the 

amount of hybridizaUon complex in an untreated biological sample, wherein a difference in the amount 
of hybridization complex in the treated biological sample is indicative of toxicity of the lest compound. 
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Ser Lys Cys Phe Cys Glu Asn Cys Gly 
230 

Gin Val Leu Lys Leu Thr His Leu Pro 
245 

Leu Met Arg Phe Ser He Arg Asn Ser 
260 

His Ser Leu Tyr Phe Pro Gin Ser Leu 
275 

Pro Met Lys Arg Glu Ser Cys Asp Ala 
290 

Gin Tyr Glu Leu Phe Ala Val He Ala 

305 

Ser Gly His Tyr Cys Val Tyr He Arg 

320 

Trp Phe Cys Phe Asn Asp Ser Asn He 

335 

Asp He Gin Cys Thr Tyr Gly Asn Pro 

350 

Thr Ala Tyr Leu Leu Val Tyr Met Lys 
365 

<210> 21 
<211> 94 
<212> PRT 

<213> Homo sapiens 
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<221> inisc_f eature 

<223> Incyte ID No: 3092341CD1 



Met Leu Arg Gly Val Leu Gly Lys Thr Phe Arg Leu Val Gly Tyr 
1 5 10 15 

Thr He Gin Tyr Gly Cys He Ala His Cys Ala Phe Glu Tyr Val 

20 25 30 

Gly Gly Val Val Met Val Pro Met Gly His Val Trp Leu Glu Gly 

35 40 45 

A<^p Asn Leu Gin Asn Ser Thr Asp Ser Arg Cys Tyr Gly Pro He 

50 55 60 

P-o Tyr Gly Leu He Arg Gly Arg He Phe Phe Lys He Trp Leu 

65 70 75 

Leu Ser Asp Phe Gly Phe Leu Arg Ala Ser Pro Asn Gly His Arg 

80 85 90 

Phe Ser Asp Asp 
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<211> 248 
<212> PRT 

<213> Homo sapiens 



<220> 

<221> misc^f eature 

<223> Incyte ID No: 3658034CD1 



<400> 22 










Met 


Asn 


Thr 


Glu 


Arg 


Thr 


Asn 


1 








5 






Ser 


Ser 


Pro 


Ser 


Pro 


Val 


Lys 










20 






Leu 


Leu 


Leu 


G 


Thr 


Ala 


Jlu 










35 






Val 


Asn 


He 


Ser 


Ala Asn Gly 










50 






Asn 


Val 


Val 


Tyr 


Asn 


Val 


Lys 










65 






Arg 


Ser 


He 


Gin 


Asn 


Gin 


Glu 








80 







He 


Gin 


Val 


Thr 


Val 


Thr Gly 


Pro 






10 










15 


Phe 


Leu 


He 


Asp 


Thr 


His 


Asn 


Arg 






25 










30 


Leu 




Vai 


Val 


'J- In 


Pr? 


Thr 


Ala 






40 










45 


Phe 


Gly 


Phe 


Ala 


He 


cys 


Gin 


Leu 




55 










60 


Ala 


Ser 


Gly 


Ser 


Ser 


Arg 


Arg 


Arg 






70 










75 


Ala 


Phe 


Asp 


Leu 


Asp 


Val 


Ala 


Val 






85 










90 



20/44 



wo 01/10*>03 

tgcccagggg agctgacgag cagaggagaa 
agaagatgca ggacagccgg cagaaagcag 
agaagtgcaa cgtgcccttg tttgtccaac 
ggaacctgat taaggaccag atcactgatg 
atacgatccg ggtgaaggac tccttgattt 
acagcagcat gctcaccctc ccactttctc 
cactggagga cgccctgcac tgcttcttcc 
gcttctgtga gaactgtggg aagaagaccc 
tgccccagac cctgacaatc cacctcatgc 
agatctgcca ctccctgtac ttcccccaga 
agcgagagtc ttgtgatgct gaggagcagt 
ttgcgcacgt gggaatggca gactccggtc 
atggaaaatg gttctgcttc aatgactcca 
agtgtaccta cggaaatcct aactaccact 
tgaagatgga gtgctaatgg aaatgcccaa 
ccatttccgt tcctggatct acggagtctt 
gttttcaaac tatataactg agccttattt 
catgaggccc ctcaggtcct gatcagtcag 
tgtggctgct cggtcctggg tgctcgctgc 
cctgtgggaa cttcaggggt tcccagtggg 
gccaaaggtc agtggcaggg ggtatttcag 
tactggctga atatcagtgc tgtttgtaat 
tatgaatcaa gtgttttgta actgctattc 
cttctccata agatagtgtg ataaacacag 
aa 
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gcgtcccttt ccagatgctt ctgctgctgg 780 
tgcggcccct ggagctggcc tactgcctgc 84 0 
atgatgctgc ccaactgtac ctcaaactct 900 
tgcacttggt ggagagactg caggccctgt 960 
gcgttgactg tgccatggag agtagcagaa 102 0 
tttttgatgt ggactcaaag cccctgaaga 1080 
agcccaggga gttatcaagc aaaagcaagt 1140 
gtgggaaaca ggtcttgaag ctgacccatt 1200 
gattctccat caggaattca cagacgagaa 1260 
gcttggattt cagccagatc cttccaatga 1320 
ctggagggca gtatgagctt tttgctgtga 1380 
attactgtgt ctacatccgg aatgctgtgg 1440 
atatttgctt ggtgtcctgg gaagacatcc 1500 
ggcaggaaac tgcatatctt ctggtttaca 1560 
aaccttcaga gattgacacg ctgtcatttt 1620 
ctaagagatt ttgcaatgag gagaagcatt 1680 
ataattaggg atattatcaa aatatgtaac 1740 
aatggatgct ttcaccagca gacccggcca 1800 
tgtgcaagac attagccctt tagttatgag 1860 
gagagcagtg gcagtgggag gcatctgggg 1920 
tattatacaa ctgctgtgac cagacttgta 1980 
ttttcacttt gagaaccaac attaattcca 2040 
atttattcag caaatattta ttgatcatct 2100 
tcatgaataa agttattttc cacaaaaaaa 2160 

2162 



<210> 48 

<211> 578 

<212> DNA 

<213> Homo sapiens 
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gaaaggccca cctgtgtcct ggttgagggt 
cagacctgaa caatcaggtg gacaacttct 
cttgactcta ctgtgcctgg atgtagctgt 
tggtggcaga gtctacatag aactatgctt 
gttggctata ctattcaata tggctgtata 
gttgtcatgg tgccaatggg tcatgtttgg 
gattccaggt gctatggacc tattccatat 
atttggcttc tgagtgattt tggattttta 
gatgattagt aagcatttat tcttttgact 
ttactcccgt tgaaaccgtg tacttaccaa 

<210> 49 
<211> 1300 
<212> DNA 

<213> Homo sapiens 



ctccagggtt ctttggggcc cgaggaattt 60 
tgtgactttg ggtattctga aattactcat 120 
gtgttttgtg tgtatcctgt tcatggccaa ISO 
cgtggtgttc tggggaaaac ctttcgactt 240 
gctcattgtg cttttgaata cgttggtggt 300 
ttagaaggtg acaatctaca gaattctaca 3 60 
ggactaataa gaggacgaat cttctttaag 42 0 
cgtgccagcc ctaatggcca cagattttct 480 
tgattattgt ctccttttca tgtgaattta 54 0 
taaactat ^78 



<220> 

<221> misc_feature 

<223> Incyte ID No: 3658034CB1 



agggaatccc aattatgagg cggctaagca ggcaaagaaa tagcttgggt ggttttgcat 60 
ctactcagga taccactgtg gctttaaagg ctgtctgaat ttgcagccct aatgaataca 120 
naaaacacaa atatccaaqt gaccgtgacg gggcctagct caccaagtcc tgtaaagttt 180 
ctqattgaca cacacaaccg cLLactcctc cagacagcag cig^LLgctgL ggtacag^^cx ^4. 
acggcagtta atatttccgc aaatggtttt ggatttgcta tttgtcagct caatgttgta 300 
tataatgtga aggcttctgg gtcttctaga agacgaagat ctatccaaaa tcaagaagcc 360 
tttgatttag atgttgctgt aaaagaaaat aaagatgatc tcaatcatgt ggatttgaat 420 
qtgtgtacaa gcttttcggg cccgggtagg agtggcatgg ctcttatgga agttaaccta 4»u 
ttaagtggct ttatggtgcc ttcagaagca atttctctga gcgagacagt gaagaaagtg 540 
gaatatgatc atggaaaact caacctctat ttagattctg taaatgaaac ccagttttgt 600 
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Box I 



Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This Inte 



motional Search Report has nol been established ,n respect of certa.n claims under Article 17(2)(a) for the following reasons: 



' ■ ''-^ Sse mey relate to subject matter net required to be searched by this Authority, namely; 

see FURTHER INFORMATION sheet PCT/ISA/210 



2. m Claims Nos.: 20,21.23,24 



Sse Jhey relate to parts ot the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



□ ci 



b^ca^iL'^they are dependent claims and are not drafted ,n accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . r ] As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
I — ' searchable ciaims. 



2. n As all searchable claims could be searched without effort justifying an additional fee, this Authority did not inv.te payment 
of any additional fee. 



3 r~1 As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' — I covers only those claims for which fees were paid, specifically claims Nos.: 



I No required additional search fees were timely Da,d by the applicant. Consequently, this International Search Report is 
^ restricted to tne invention lubi rr.entioneo .a ;r.e c.a-rr.s, is ccereJ C) c aims N vs 
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I I No protect accompanied tho payment ot additional search fees. 
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Continuation of Box I .1 

Although claim 18 is directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the 
alleged effects of the compound/composition. 



Rule 39.1(iv) PCT - Method for treatment of the human or animal body by 
therapy 



Continuation of Box 1.2 
Claims Nos.: 20,21,23,24 

Claims 20,21,23 and 24 refers to agonists/antagonists of the polypeptide 
of claim 1 and their use in a method for treating a disease without 
giving a true technical characterization of the agonists/antagonists. 
Moreover, no such compounds are specifically defined in the description. 
It is only indicated that they "may include proteins" (such as 
antibodies)", nucleic acids, carbohydrates, small molecules, or any other 
compound or conpostion wich modulates the activity of PPIM either by 
directly interacting with PPIM or by acting on components of the 
biological pathway in which PPIM parcipitates. " (page 9 lines 32-34; page 
10 lines 32-35). In consequence the scope of said claims is ambiguous and 
vague, and their subject-matter is not sufficiently disclosed and 
supported (Art. 5 and 6 PCT). No search can be carried out for such 
claims whose wording is, in fact, a mere recitation of the results to be 
achieved. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a _ 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-28 partially 

Polypeptide comprising SEQ ID NO I and variants thereof; 
polynucleotide (SEQ ID NO 28) encoding the same and variants 
thereof; expression vector, host cell and transgenic 
organism comprising the same; use thereof for producing the 
polypeptide; antibody against the polypeptide; agonist and 
antagonist of the polypeptide; methods and pharamaceutical 
compositions using them. 

2. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 2 and 29. 

3. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 3 and 30. 

4. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 4 and 31. 

5. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 5 and 32. 

6. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 6 and 33. 

7. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 7 and 34. 

8. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 8 and 35. 

9. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 9 and 36. 

10. Claims: 1-28 partially 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 22 and 49. 

22. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 23 and 50, 

23. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 24 and 51. 

24. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 25 and 52. 

25. Claims: 1-28 partially 

Subject matter as defined for invention 1 above, but limited 
to SEQ ID NOS 26 and 53. 

26. Claims: 1-28 partially 

Subject matter as defined for Invention 1 above, but limited 
to SEQ ID NOS 27 and 54. 

For the sake of conciseness, the first subject matter Is explicitly 
defined, the other subject matters are defined by analogy thereto. 
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